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Group, Harvard University 
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Technology Review brings together world-re¬ 
nowned innovators and leaders to discuss the 
transformative technological innovations destined 
to better our lives, create opportunities, and fuel 
economic growth. Topics Include: 

- Innovation and the Energy Crisis 

- Online Applications Wars 

■ Emerging Technologies and Trends in 
Online Entertainment and Business 

■ Bad Patents and How They Hinder 
Innovation 

■ Technology and the Reconstruction of the 
U.S. Economy Starting with Entertainment 

■ High-Performance Batteries to Transform 
Transportation 

■ Anti-Aging Research 

■ $1,000 Human Genome 

■ Emerging and Employing America for a 
Brighter Economic Future 

■ Making PCs Safe for Hollywood Is It 
Dangerous for Consumers? 

■ Software-Defined Radio 

■ Nanotoxicity 


New! TR Video Blog 


To meet some of this year s speakers, as 
well as last year s TR35 honorees, check 
out our new video blog. We II also be host¬ 
ing a video blog area at this year s confer¬ 
ence and be posting directly from the event. 

To view our current vlogs, go to: 

www.technologyreview.com/blog/ 

video.aspx 
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Sebastian Thrun, DARPA 
Grand Challenge Winner 


TR35 - Young Innovators Under 35 


Meet the next generation of technology 
leaders and discover how they will change 
the way we live. Past recipients include 
Sergey Brin and Larry Page of Google; 
Marc Andreessen, co-founder of Netscape; 
Jonathan Ive, Apple Computer designer of 
the iMac; and Max Levchin, co-founder of 
PayPal (now part of eBay). 
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Cutting-edge advances and innovations fea¬ 
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exhibits the next generation of technologies, 
plus prototypes, designs, and interactive 
experiences. 
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Sponsorship@technologyreview.com 
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CHANGE IS GOOD. 



It’s the key to success. And not just in technology. 
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DLA and Piper Rudnick to offer clients even greater 
technical savvy, practice depth and global reach. 

We work relentlessly for our technology clients. Our 
commitment remains. Our insights. Our connections. 
Our excellence. Our name has changed, but our 
focus on technology never will, www.dlapiper.com 
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Contributors 


Horace Freeland 
Judson wrote the 
profile of Edward 
Boyden (p. 52), 
who graduated 
from MIT with 
perfect grades 
at the age of 19, 
and who has created a protdn that 
allows neuroscientists to find specific 
types of neurons and activate them 
on cue. “His ambitions are vault¬ 
ing, his vision romantic,” says Judson 
of Boyden, one of this year’s TR55. 
“Yet he loves the practical appli¬ 
cation, loves devising inventions.” 
Judson is the author of The Eighth 
Day of Creation, a histoiy of molecu¬ 
lar biology whose first three chapters 
appeared in the New Yorker in 1978. 
He has held academic appointments 
at Johns Hopkins and Stanford, and 
he founded George Washington Uni¬ 
versity’s Center for Histoiy of Recent 
Science. He recently signed contracts 
for two books: one will include a 
chapter expanding on an article on 
gene therapy to appear in an upcom¬ 
ing issue of this magazine; the other 
will expand on the article he wrote 
for this magazine on China and sci¬ 
ence (“The Great Chinese Experi¬ 
ment L ,” December 2005/January 2006). 

Jon Cohen wrote 
a brief profile of 
one of this year’s 
TR35: Alice Ting 
(p. 55), an assis¬ 
tant professor of 
chemistry at MIT, 
who has devel¬ 
oped a way of observing the minute 
inner workings of a living cell. “Imag¬ 
ine,” says Cohen, “seeing a movie of 
the neurons in the brain as they learn 
something new, a la CSI showing you 
the inside of an aorta as it bursts. It’s 
such a fantastical idea that it sounds 
like something a Hollyweird screen¬ 
writer would cook up after drinking 
too many shots of cheap tequila. I 


heard it from Alice Ting whose lab 
can’t do that yet, but give her time. 
She’s only 31.” Cohen, a correspon¬ 
dent for Science who has written for 
a number of other publications, spe¬ 
cializes in reporting on biomedical 
research. He is the author of two 
books, Shots in the Dark: The Way¬ 
ward Search for an AIDS Vaccine and 
Coming to Term: Uncovering the Truth 
about Miscarriage. 

Douglas McGray 

wrote the profile 
of Christina 
Galitsky, our 
Humanitarian of 
the Year (p. 60). 
Galitsky works at 
Lawrence Berke¬ 
ley National Laboratoiy, where she 
advises companies on ways to save 
energy, but she has also takoi on proj¬ 
ects outside the scope of her job, such 
as an energy-efficient outdoor stove for 
refugees. “She’s tackling some tough 
scientific challenges, but I appreci¬ 
ated that these aren’t just intellectual 
puzzles for heif says McGray. “There’s 
something simple and humane in 
the way she talks about science. 

She’ll drop into technical lingo, but 
it’s never long before she brings the 
conversation back to the people and 
communities who will benefit from 
her research—or live with science’s 
failures.” McGray is a San Francisco- 
based writer and a fellow at the New 
America Foundation. He has written 
for the Atlantic Monthly, the New York 
Times Magazine, West, and Wired. 

Simson Garfinkel, 

in reviewing the 
new Q phone 
from Motorola, 
argues that users 
want software 
that understands 
the context in 
which they are operating and uses as 
simple an interface as possible (see 


“Q Is for Quixotic? p. 74). “I was 
hoping that the Q would be a really 
amazing phone that I could use for 
my day-to-day activities, instead of 
the Treo 700p,” he says. “The Treo 
is big and bulky and the Q is small 
and sleek, and I was really exdted 
about it. The hardware is amazing, 
but I was worried about the fact that 
it was running Windows Mobile. 
Apparently I was right to be wor¬ 
ried.” Garfinkel is a postdoctoral fel¬ 
low at the Center for Research on 
Computation and Society at Harvard 
University and a consulting scientist 
at Basis Technology, which develops 
software for extracting meaningful 
intelligence from unstructured text. 
He is also a founds of Sandstorm 
Enterprises, a computer security firm 
that develops advanced computer 
forensic tools used by businesses and 
governments to audit their systems. 
Garfinkel has published articles 
about information policy and terror¬ 
ism since the late 1980s. 

Jonathon Rosen 

illustrated this 
month’s cover. 
“I’m a huge fan 
of engineering 
and technology,” 
he says, “so I 
was completely 
thrilled to be invited to interpret 
the ‘35 under 35’ idea for the maga¬ 
zine. I decided to mix biology (cells 
multiplying in an embryo) and cos¬ 
mology—an orrery of the embryo as 
the center of a mechanical universe.” 
Rosen’s work is in the permanent col¬ 
lection of the Metropolitan Museum 
of Art in New York and has appeared 
in Rolling Stone, the New York Times, 
World Art, I.D., Eye, and many other 
publications. He is also the aithor 
of the books Intestinal Fortitude and 
The Birth of Machine Consciousness. 
Rosen teaches the histoiy of anatomy 
and medical illustration at the School 
of Visual Arts in New York. 
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only Kentucky matches federal 
SBIR-STTR Phase 1 + Phase 2 awards 


Kentucky will match both Phase 1 and Phase 2 federal 
SBIR and STTR awards to our high-tech small businesses 
- no other state has a program designed to do just that. 

If you are looking for a place to locate or start your 
high-tech company, Kentucky's SBIR-STTR matching 
funds program is just one of many reasons to give our 
state a look. 

We'll start accepting applications in late 2006 from 
Kentucky-based companies for state funds to match 
Phase 1 awards up to $100,000 from the federal Small 
Business Innovation Research (SBIR) and Small Business 
Technology Transfer (STTR) programs. Starting in July 
2007, we'll also match Phase 2 awards up to $500,000. 

Kentucky offers a wide range of support for high- 


tech small businesses, including grants, tax incentives, 
and other forms of early-stage funding. Our statewide 
network of Innovation and Commercialization Centers 
can offer you business management and entrepreneurial 
training, while helping you find private equity financing. 

The Cabinet for Economic Development can make 
your move to Kentucky fast and easy. Our low cost of 
living, low-stress commutes, and high quality of life amid 
unrivaled natural beauty are why Kentucky communities 
are rated among the best places to start a business and 
raise a family. 

For more information about our SBIR-STTR 
matching funds and other business programs, visit 
www.ThinkKentucky. com/dci/sbir 1 / 


tfentucklt 

^ UNBRIDLED SPIRIT-^™ 


Cabinet for Economic Development 

For more information about the SBIR-STTR program in Kentucky, call 1-800-626-2930 or visit www.ThinkKentucky.com/dci/sbir1/ 
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OUR APPROACH TO PATENT MANAGEMENT 
PROTECTS YOUR IDEAS. 

THEN HELPS THEM FLY. 


Baker Botts has a process for patent portfolio 
management that is strategic, efficient and built to 
scale. We have one of the largest IP practices in 
the U.S., with IP Worldwide ranking 
among the top firms representing 
Corporate America. IP attorneys 
have technical or advanced 
degrees, giving us sharper 
insights into the scientific, 
business and legal issues 
surrounding your patents. 

The net result: a process 
that safeguards your ideas 
until they’re ready to take off. 

For more details, visit 
www.hakerhotts.com/ip. 
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Letters 


Our July/August 2006 issue centered 
on energy—as did most of the letters we 
received after publication. 

The Nuclear Option 

Matthew Wald did a great job renew¬ 
ing the current state of nuclear power 
(“The Best Nuclear Option,” July/ 
August 2006). I know how complex the 
subject is; I spent 13 years in the naval 
nuclear-power program, 10 years work¬ 
ing on spent-fuel recycling and produc¬ 
tion of breeder-reactor fuels, and 10 
years consulting for the U.S. Depart¬ 
ments of Energy and Defense. 

Yes, nuclear power is an obvious 
choice for production of electricity as an 
alternative to fossil fuds. The required 
technology is available, as indicated by 
the more than 400 mclear power plants 
operating in 31 countries. The next step 
in our country will be to recycle the 
spent-fuel discharges. The technology 
to do that is also available and is being 
used around the world. 

Another step will be to use breeds 
reactors, in which more fuel is pro¬ 
duced than charged. Breeders will be 
used to accommodate deletion of ura¬ 
nium ore and the need to mine it. 

Bill Frankhouser 

Elizabethtown , PA 

A New Way to Get Ethanol Cheaply 

In his article on the production o f 
ethanol (“Redesigning Life to Make 
Ethanol,” July/August 2006), Jamie 
Shreeve writes, “Processing ethanol 
from cellulose—wheat and rice straw, 
switchgrass, paper pulp, agricultural 
waste products like cor n cobs and 
leaves—has the potential to squeeze at 
least twice as much fuel from the same 


How to contact us 

E-mail letters@technologyreview.com 
Write Technology Review, One Main Street, 

7th Floor, Cambridge MA 02142 
Fax 617-475-8043 

Please include your address, telephone number, 
and e-mail address. Letters may be edited for 
both clarity and length. 


area of land, because so much more 
biomass is available per acre.” 

Instead of using “waste products” 
to restore the fertility, improve the tex¬ 
ture, and increase the wato^-retaining 
capacity of land, the policies advocated 
by Jamie Shreeve would degrade our 
land. You cannot “squeeze” land for 
long before it becomes infertile. 

Irma Esrig Cohen 

Ottawa , Ontario 

Editor’s Letter 

In his July/August editor’s letter, Jason 
Pontin writes that “it is now settled 
fact that our industries are changing 
the weather.” His statement creates 
the impression that the MIT commu¬ 
nity is substantially in agreement with 
the belief that industrial emissions are 
“quickly and ruinously” changing the 
climate, with only the rate in doubt. 
But within the MIT community there 
is not unanimity in the fear of cata¬ 
strophic climate change due to indus¬ 
trial emissions. I refer readers to a 
July 2 Wall Street Journal article titled 
“Don’t Believe the Hype.” The writer, 
Richard S. Lindzen, Alfred P. Sloan 
Professor of Meteorology at M IT, 
effectively demolishes the campaign 
to convince the public cf scientific una¬ 
nimity on the se\ere imminent danger 
of greenhouse-gas emissions. 

Stanley Kasper 

Pawleys Island , SC 

Jason Pontin is right to advocate 
Pigovian fees, which are paid to gov¬ 
ernments for the use of scarce public 
resources (fish in the sea, the mviron- 
ment’s tolerance for carbon dioxide, 
etc.). They enforce a constraint with a 
minimum of central planning. 

Pontin briefly describes another 
remedy for pollution: capping emis¬ 
sion limits, then allowing polluters to 
trade emission credits. He rightly says 
that such “cap and trade” schemes don’t 
work very well. I’d like to add that they 
aren’t fair and can amount to a land 
grab. For hundreds of years, common 


resources from acreage to radio band¬ 
width have been given away. Even if 
cap-and-trade does not e ncourage 
industrialists to pad their emissions 
now, it is unjust to give such property 
rights to polluters. 

Jorgen Harmse 

Austin , TX 

Jason Pontin writes that “the rich world 
will never voluntarily accept any reduc¬ 
tion in its accustomed manner of living, 
nor will the poor world surrender its 
legitimate aspirations to wealth.” That’s 
one way to look at it, but is it not pos¬ 
sible that we will simply run out of cer¬ 
tain resources if we don’t use less of 
them? The slowly growing practice of 
“voluntary simplicity” attests to the fact 
that individuals can unilaterally decide 
to live simply and consume less. 

Shahzeen Attari 

Pittsburgh , PA 

“Homo Conexus” 

I read with interest James Fallows’s 
piece on the new wave of Web-based 
applications sometimes called Web 
2.0 (“Homo Conexus,” July/August 
2006). In using these new programs, 
he sometimes found that while a new 
online service was impressive, he was 
just too old to enjoy it. Unfortunately, 
I often feel quite the same w£y. I enjoy 
reading about exciting technologi¬ 
cal innovations, but—nose pressed to 
glass—cannot really participate. 

I also liked Fallows’s observation 
that trust, in general, is important to 
Web 2.0, but would like to add that 
Web 2.0 demands a specific kind of 
trust between a given application’s 
makers and users. Desktop software, 
such as Microsoft Word and the Thun- 
derbird e-mail client, is the same day- 
to-day. Not so with Web 2.0. One can 
log on to Gmail or Yihoo Mail and find 
that the interface has radically changed 
and that the arrangement and filtering 
of one’s e-mail has been altered. 

Mark Gerstein 

New Haven, CT 
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CALL FOR NOMINATIONS 


Once you ve become known as the most prestigious 


awards program for inventors 


What do you do next? 


you 


REINVENT 


yourself 


This year brings important changes to the Lemelson-MIT Program’s proud tradition of honoring 
world-class inventors. Nominations for the 2007 Lemelson-MIT Awards are now being accepted. 

Nominations are due October 6, 2006. 


$500,000 

Lemelson-MIT Prize 

The Prize now recognizes inventors 45 years 
of age or younger. These individuals will 
receive the Prize mid-career, when both the 
recognition and the cash award can be of 
significant benefit to their future creativity 
and productivity. Read more and download 
nomination materials at 
http://mit.edu/invent/a-prize.html. 


$ 100,000 
Lemelson-MIT Award 
for Sustainability 

This new award supports individuals whose 
inventions enhance economic opportunities 
and societal well-being in developing and/or 
developed countries, while protecting and 
restoring the natural environment. Read 
more and download nomination materials at 
http://mit.edu/invent/a-award.html. 



Contact Lemelson-MIT Program Officer 
Ingrid Dudek at (617) 253-3490 or 
idudek@mit.edu with questions. 


LEMELSON-MIT PROGRAM 

celebrating invention and innovation 


We look forward to receiving your entries. 


From the Editor 

10 Ways to Think about Innovation 

What successful young technologists know 



ach year, we choose the 55 innovators under the 
age of 55 whose new technologies seem most glori¬ 
ously creative and most likely to expand human life. 
(We describe the 2006 winners beginning on page 45.) In 
editing this year’s TR55—and rereading the profiles of last 
year’s winners, whom we introduced in the October 2005 
issue—I’ve noticed a few things about successful innovation. 

(1) Successful innovators are famously untroubled by 
the prospect of failure. Bryan Cantrill, an engineer at Sun 
Microsystems who invented software that allows sys¬ 
tems engineers to track bugs in real time (and whom we 
named one of 2005’s TR55), says, “People who have inno¬ 
vated once, and who say they are not frightened that they 
won’t be able to repeat their success, are probably lying. 
The challenge is not to be crippled by fear, but allow it to 
drive you forward.” More profoundly, (2) many innovators 
appreciate failure. Yael Maguire, the chief technology offi¬ 
cer of ThingMagic and another of last year’s TR55, who 
has designed machines that read radio frequaicy identifi¬ 
cation chips, says, “If you’re not working on technologies 
that are going to fail, pu’re not pushing the boundaries 
enough. Even if a technology failed ... you’ll be able to put 
it in your back pocket and use it for some othe* purpose.” 

(5) Innovators commonly recognize that “problems and 
questions are the limiting resource in innovation,” says Ed 
Boyden, a Stanford University neurobiologist and one of 
2006’s TR55 (p. 52). He means that difficult questions are 
thrilling: “If we take a really hard question, like ‘What is 
consciousness?’ or ‘How do we store memories?’, it’s not 
even clear how we should even approach the problem.” In 
attempting to answer such questions, Boyden used genetic 
engineering to create a precise, reliable neural switching 
system; scientists could use it to study hew brains func¬ 
tion, and it might one day provide treatments for Parkin¬ 
son’s disease, blindness, and depression. 

Boyden illustrates another theme: how (4) innovators 
find inspiration in disparate disciplines. The brain is “the 
ultimate computer,” says Boyden, who has applied lessons 
to human neurobiology that he gleaned from his earlier 
work in computer science and electrical engineering. 

Here are a few other general rules: (5) Innovation flour¬ 
ishes when organizations allow third-party experimenta¬ 
tion with their products. Astonishingly, the fruitfulness 
of an open society is still unappreciated by some com¬ 
mercial technologists: “To this day, there are few tech¬ 
nologies that are open,” says Paul Bademacher of Google, 


a 2006 TR55 winner (p. 69). Before joining Google, 
Rademacher hacked the code behind Google Maps so that 
other computer programs could work with it, transform¬ 
ing the search firm’s application into a blank canvas for 
software developers and a social network for users. Also, 

(6) fragility is the enemy of innovation: systems should 
boast broad applications and be unbreakable “Every¬ 
thing is about resiliency and robustness,” says Ben Zhao of 
the University of California, Santa Barbara, one of 2006’s 
TB55 (p. 49). Zhao builds overlay networks, peer-to-peer 
networks that are less specialized than Napster and the 
like—and also stronger, because there are strict rules about 
which machines can talk to which. 

(7) Beal innovators delight in giving us what we want: 
solutions to our difficulties and expansive alternatives to 
our established ways. (8) They are, it is tme, sometimes 
perplexed by our ignorance of our own needs. “You have 
to solve a problem that people actually hare,” says Joshua 
Schachter, the founder of del.icio.us (now a division of 
Yahoo) and the popularizer of Internet “tags.” “But it’s not 
always a problem that they know they have, so that’s tricky.” 
There is, however, an escape from this conundrum. (9) Suc¬ 
cessful innovators do not depend on what economists call 
“network externalities” (where a system, like a fax machine, 
has little use to its first user, but becomes increasingly 
valuable as more people use it): “Ideally the system should 
be useful for user number one,” says Schachter, our 2006 
Innovator of the Year (p. 44). Hence, innovators can divine 
needs by applying a utilitarian imperative: they ask, Would 
the innovation help someone now ? 

This suggests a last point: (10) many innovators 
become technologists because they want to better the 
world. Shiladitya Sengupta, an assistant professor in the 
Harvard-MIT Division of Health Sciences and Technology 
and one of 2005’s TR55, who has built nanoscale drug- 
delivery devices for the treatment of cancer, says, “You can 
do top-notch research, but at the end of the day, it should 
actually benefit mankind.” Christina Galitsky, a research 
associate at Lawrence Berkeley National Laboratoiy and 
this year’s Humanitarian of the Year (p. 60), would agree. 
She has demonstrated how an efficient stove can mitigate 
the danger that Sudanese refugee women face collecting 
firewood, and she has designed a cheap filter material 
that could remove arsenic from the drinking water of 
Bangladesh. “At least now I’m doing something” she says. 

Jason Pontin 
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MATERIALS 

An Eye on 
Everything 

Optical fibers in a sphere could 
lead to clothing that “sees” 


W hat would it be like to hare 
eyes in the back, sides, and 
top of your head? Research¬ 
ers at MIT have built a spherical op¬ 
tical system that can record images 
from all directions. Photons strike the 
sphere’s network of 900-micrometer¬ 
wide polymer and glass compos¬ 
ite fibers and penetrate a transparent 
cladding to a photosensitive semicon¬ 
ductor material at the fiber’s core. An 
algorithm analyzes the resulting sig¬ 
nal and constructs an omnidirectional 
image; it can also pinpoint the direc¬ 
tion of a light beam based on where 
it entered and exited the sphere. For 
now, the prototype is used mainly to 
test materials that can at least crudely 
discern surrounding objects and thus 
might be useful in soldiers’ uniforms. 
The researchers are working on algo¬ 
rithms that build clear images e\en 
if the sensors take unusual shapes, 
as they would when integrated into 
clothing. Future applications could in¬ 
clude surveillance, with a sphere re¬ 
placing multiple cameras. Ayman 
Abouraddy of MIT’s Research Lab of 
Electronics says his team, directed ty 
materials scientist Yoel Fink, expects 
to have a prototype of an optical-fiber 
mesh—using fibers 200 micrometers 
wide—next year. KAT E G R E E N E 



This sphere of optical 
fibers, 30 centimeters 
in diameter, senses 
light from all direc¬ 
tions; software then 
builds a 3-D image. 


TECHNOLOGY REVIEW SEPTEM BER /OCTO BER 2006 


FORWARD 13 




Forward 



DIGITAL RIGHTS 

Movies That Fight Back 

New technologies battle bootleggers’ camcorders 


I n a few years, if you’re in a theater 
watching some sci-fi robot thriller, a real- 
life battle of the machines might unfold 
quietly before you: gadgets at the front of 
the house may seek out the optical sig¬ 
natures of bootleggers’ camcorders, then 
fire narrow beams of light directly into the 
lenses, blinding the cameras and saving 
the day for Hollywood’s bottom line. 

With the Motion Picture Association of 
America estimating that piracy of newly 


released movies involves in-theater cam¬ 
corders 90 percent of the time, a counter¬ 
offensive is taking shape. Technology 
prototyped by researchers at the Georgia 
Institute of Technology in June exploits 
the fact that all digital cameras use light- 
catching sensors that also reflect light back. 
The Georgia Tech system shines a weak 
infrared beam—invisible to humans—into 
the audience and identifies cameras by the 
reflected infrared light. If the system spots 


Here comes the stolen movie image (right), 
thwarted by antibootlegging technology. 


a camcorder, it zaps it with a narrow beam 
of white light, producing large splotches on 
the recording. Gregory Abowd, the com¬ 
puter scientist who led development of the 
technology, has launched a startup com¬ 
pany to commercialize it, DominiNC. 

A different approach comes from the 
Content Security subsidiary of Paris-based 
Thomson, which opened a demo center 
in Burbank, CA, this year. Its technology 
damages illicit recordings by doctoring the 
movies themselves, digitally inserting extra 
frames containing things like flashes of 
light or the words “illegal copy!’ says chief 
technology officer Jian Zhao. 

The inserted frames are undetectable 
to people in the theater, but because of the 
difference between movie and video frame 
rates, they show up in the pirated copies. 
The doctored frames appear at random 
rates so bootleggers can’t beat the system. 

Brad Hunt, chief technology officer for 
the Motion Picture Association, says the 
industry wants to make sure such technolo¬ 
gies won’t distract moviegoers. But with 
hundreds of millions of dollars on the line, 
the industry is eager for solutions in the 
next several years, he says, kate greene 


BIOTECH 




New neurons 

Drugs for Brain Growth 


(yellow) are 
born in a rat. 

Scientists already know that some drugs boost the growth of new neurons in the brain. Anti¬ 
depressants, for example, trigger the birth of brain cells in an area involved in learning and memory, 
which might play a role in the drugs’ ability to fight depression. Now, companies are seeking com¬ 
pounds that are better at enhancing the brain’s ability to grow new cells. This could improve treat¬ 
ments for diseases like Alzheimer’s and Parkinson’s, as well as deoression. emily singer 
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Company 

Primary target 

Approach 

Status 


NeuroNova 

Parkinson’s disease 

Screening compounds for their ability to boost 

Human testing of two compounds, 

Stockholm, Sweden 


growth of new neurons 

including one that could treat Parkinson’s 
disease, is expected next year. 

Neuronascent 

Alzheimer’s disease 

Screening compounds for their ability to 

Animal testing of promising compounds 

Clarksville, MD 


convert neural stem cells into mature neurons; 

is expected this year. 



assessing how long newly born neurons survive 



BrainCells 

Mood disorders 

Assessing how compounds affect the 

Scientists have shown that approved 

San Diego, CA 


differentiation of neural stem cells into 

antidepressants exhibit a unique 



neurons or other types of brain cells 

effect on neurogenesis. 
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SOFTWARE 



Smart Pages 

Xerox technology protects 
sensitive digital information 


Y our doctor needs access to all 
the medical data in pur file, 
but you don’t want the insur¬ 
ance clerks seeing your blood results; 
besides, that could violate federal pri¬ 
vacy laws. Billions of documents— 
from banking records to po~sonnel 
files—present similar concerns, which 
makes for “a pretty gnarly security 
problem,” says Jessica Staddon, man¬ 
ager of security research at the Palo 
Alto Research Center (PARC), the 
Xerox subsidiary in California. 

But scientists at PARC and Xerox’s 
research laboratory in Webster, NY, 
are making progress with a tech¬ 
nology that automatically protects and 
selectively reveals information con¬ 
tained in documents, without cre¬ 
ating multiple versions of them or 
hogging as much memory as today’s 
encryption programs do. In essence, 
the Xerox software analyzes lan¬ 
guage to determine whether words 
and phrases (like “alcohol abuse” or 
“HIV”), taken in context, are private 
and should be reserved for doctors, or 
whether, say, a string of nine digits— 
potentially a Social Security number- 
should be seen only by a personnel 
officer. A single stored form or docu¬ 


ment reveals its parts according to 
users’ authorization levels: some¬ 
one in the hospital scheduling office 
might see only a patiait’s address and 
phone number. 

The researchers are working to 
make the core technology compat¬ 
ible with existing formats, includ¬ 
ing PDFs and customized hospital 
forms. “We’ve scoured the landscape, 
and there is no technology out there 
that marries content analysis with 
encryption so that the whole process 
becomes automated,” says Shriram 
Revankar, who heads Xerox’s smart- 
document lab in Webster. 


Such technology is badly needed, 
says Kenneth H. Buetow, director of 
the National Cancer Institute’s Cen¬ 
ter for Bioinfoimatics in Bethesda, 
MD. Current privacy laws make 
it difficult for researchers to share 
patient data from medical trials. “It 
represents a potential solution to the 
sharing of information in compliance 
with human subjects’ privacy protec¬ 
tions,” says Buetow, who is assem¬ 
bling a cancer research database. He 
cautions that the technology is still 
unproven; but Xerox hopes it will 
be ready to commercialize in two to 
five years. TOM mashberg 



MEDICINE 

Ultrasonic Tourniquet 

A proposed lifesaving cuff would use sound to cauterize a bleeding blood vessel 
on the battlefield. The U.S. Defense Advanced Research Projects Agency (DARPA) 
earlier this year launched a four-year project to develop such a device, which would 
use ordinary ultrasound imaging technology to detect a broken vessel and intensely 
focused ultrasound to effectively seal its ends with heat. Much of the vessel would 
remain unharmed, thanks to the cooling effect of the blood inside it. Seattle-based 
Therus has been developing a similar system to seal punctures in the femoral artery 
that result from catheterizations. And high-intensity ultrasound technology is already 
approved in some parts of the world to ablate prostate tumors. The challenge: get¬ 
ting everything working in one small, rugged instrument, duncan graham-rowe 
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SpaceX’s Falcon 1 
rocket sits on a launch- 
pad on the Kwajalein 
Atoll in the Pacific 
Ocean earlier this year. 


SPACE TRAVEL 

The Rockets Are Coming 

A flurry of launches makes 2006 a big year for private spacecraft 


hen Las Vegas hotel mag¬ 
nate Robert Bigelow 
launched a small prototype 
of an inflatable private space-station 
module from a Russian launchpad 
in July, it was only the first in an 
expected flurry of private launches 
in 2006. Progress in small, reusable 
rockets will make this a watershed 
year for private launches, perhaps 
ushering in an era of inexpensive 
space travel. “We have new items 
on the real road to practical space¬ 
flight-private market development- 


popping up,” says Boston-based 
aerospace consultant Charles Lurio. 

The loudest roars might be heard 
in October in New Mexico, at the X 
Prize Cup, a showcase for new rocket 
technology and a follow-up to the 
2004 awarding of the $10 million X 
Prize for back-to-back private manned 
launches that reached sub orbital alti¬ 
tudes and returned safely. That prize 
went to SpaceShip One, made by 
Scaled Composites of Mojave, CA. 

The X Prize Cup will feature a new 
challenge: a NASA-sponsored con¬ 


test that includes a $2.5 million prize 
for demonstrating a rocket’s ability to 
take off and land vertically and move 
sideways while aloft. Four teams have 
registered for the contest, which is 
aimed at developing new spacecraft 
that could evolve into cheap and rug¬ 
ged moon-landing vehicles. Two of 
the expected competitors are Arma¬ 
dillo Aerospace of Mesquite, TX, and 
Masten Space Systems of Mojave, CA. 

And Space Exploration, or SpaceX, 
founded by PayPal cofounder Elon 
Musk, expects to tiy again in Novem¬ 
ber or December to launch its Falcon 
1 rocket from the Kwajalein Atoll in 
the Pacific Ocean, after an attempt 
earlier this year failed. The company 
seeks a successful launch and landing 
in the Pacific. 

SpaceX is mounting the only con¬ 
certed effort to develop rockets that 
could actually put satellites or astro¬ 
nauts into orbit in the near term. 

To that end, the company plans to 
begin test firings of a much bigger 
craft, the Falcon 9, perhaps in Janu¬ 
ary or February. Using nine rocket 
motors identical to the single motor 
in Falcon 1, the huge rocket could 
deliver payloads and people to the 
International Space Station (ISS) or 
anywhere else in low Earth orbit. 
Commercial flights—delivering sat¬ 
ellites into orbit—could begin in the 
next few years, Musk says. 

Finally, the Spaceship Company, 
a partnership between Virgin Galac¬ 
tic’s Sir Richard Branson and Scaled 
Composites founder Burt Butan, is 
expected to launch its suborbital tour¬ 
ist spaceplane by 2008. 

Still more rockets may be soar¬ 
ing soon under a NASA project called 
Commercial Orbital Transporta¬ 
tion Services, which is “really a sea 
change for NASA,” says Musk. Com¬ 
panies are competing under COTS 
for contracts to develop alternative | 
ways to get astronauts to the ISS once | 
the space-shuttle program comes to | 
an end in 2010. david chandler I 
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ENERGY 

Ethanol vs. Biodiesel 

Diesel from soybeans is afar better biofuel bet, research shows 


A mid a U.S. ethanol boom, new research offers another take on the long- 
debated question of whether corn grain ethanol provides more energy than its 
production consumes. A recent study that takes into account all the energy used 
in farming and processing corn to make ethanol concludes that there is a small 
energy gain, but that the gain from using soybeans to make diesel is far greater— 
and that biodiesel is less of a greenhouse-gas polluter, too. kevin bullis 


Energy in, energy out 

Farming and processing corn grain to 
make ethanol yields about 25 percent 
more energy—in ethanol and coproducts 
such as animal feed—than it consumes. 
In contrast, biodiesel and coproducts 
yield 93 percent more energy 


Greenhouse-gas emissions 

Producing and burning ethanol results in 
12 percent less greenhouse-gas emis¬ 
sion than producing and burning gaso¬ 
line. Producing and burning biodiesel 
from soybeans offers a 41 percent reduc¬ 
tion compared with regular diesel. 


100 



ethanol biodiesel 

Source: Jason Hill, University of Minnesota, Proceedings of the National Academy of Sciences 


INTERNET 

Google vs. Malware 

This summer Google started actively trying to warn users away from dangerous places 
on the Internet. If you try to click on a link furnished by a Google search, you might get a 
screen that screams, “Warning—the site you are about to visit may harm your computer! 
You can learn more about malware and how to protect yourself at StopBadware.org’.’ 
Eventually, a general warning will be replaced by detailed information on a given site’s 
record of distributing code that aims to steal data, send spam, or generate pop-up ads. 
Such records are being compiled by StopBadware.org, a creation of researchers at Har¬ 
vard Law School’s Berkman Center for Internet and Society and the University of Oxford 
(with the backing of Google and other companies). 

But given that a mini-industry in “search optimization” has sprung up as online compa¬ 
nies try to get their sites ranked higher in Google search returns, how long before malware 
purveyors create an industry in malware-detection-avoidance optimization? david talbot 



SOFTWARE 

Seeing Music 

Technology has arrived that lets us see 
why, exactly, we like or dislike a piece 
of music. A Princeton University com¬ 
poser, Dmitri Tymoczko, says tradi¬ 
tional Western music is attractive partly 
because it obeys basic music-theory 
rules of “voice leading”—the way notes 
move from one chord to the next. (The 
rules say the steps should be fairly 
small.) He created a computer pro¬ 
gram that vividly shows how far a piece 
of music diverges from these rules. 

In the image above, generated by 
Tymoczko’s program, each ball rep¬ 
resents a three-note chord. The far¬ 
ther apart the balls are, the farther the 
voices have to jump between chords. 

As a song plays, another ball moves 
around the cone. If it moves in a circle, 
a chord pattern is repeating. If it moves 
from the cone’s tip to its base, a piece 
is progressing toward dissonance. 

Tymoczko says the technology could 
be a valuable teaching tool for musi¬ 
cians—showing them, for example, how 
a pop song is structurally similar to a 
Chopin prelude. And since the moving 
balls also allow users to watch any song 
“play,” the program could be fun at par¬ 
ties, too. SUSAN NASR 
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TRANSPORTATION 

Dashboard 

Watchdog 


Parents fretting about their teenage 
drivers have a technology weapon to 
look forward to: a dashboard-mounted 
fatigue monitor that can rouse someone 
who seems in danger of driving off the 
highway. About two-thirds of drowsy- 
driving crashes in the United States 
involve drivers between 16 and 29. 

Last fall, Attention Technologies, a 
startup in Pittsburgh, PA, introduced a 
webcam-sized drowsiness monitor for 
truck drivers, based on research at Carne¬ 
gie Mellon University. It shines invisible 
infrared light onto a driver’s retina and 
measures the reflection. If the reflection 
is blocked too often—indicating that the 
driver’s eyes are having trouble staying 
open—the device flashes and beeps. 

Now the company is planning a 
mass-market version that could sell 
for less than $100 (compared with up 
to $1,500 for the current versions), 
thanks largely to the falling cost of digi¬ 
tal camera components and signal¬ 
processing chips. The company is also 
working on a new feature that tracks 
the driver’s gaze angle—indicating 
whether he or she is actually watch¬ 
ing the road. “We think we’ll be able 
to get mothers to buy this for Johnny 
who’s going off to spring break for the 
first time, or for their road-warrior hus¬ 
bands,” says Richard Grace, the compa¬ 
ny’s founder and CEO. He anticipates 
bringing the cheaper version to market 
within two to five years, wade roush 



INTELLECTUAL PROPERTY 

India’s 10-Year Patent Drive 

The West begins licensing Indian-born inventions 


A decade after India launched an 
innovate-and-patent campaign, 
early signs of an Indian tech¬ 
nology invasion are evident. Just two 
examples: a U.S. company has pur¬ 
chased the patent for Indian-designed 
software that eliminates noise from 
complex digital data, and fruit grow¬ 
ers in California and Turkey have 
bought a pomegranate deseeder in¬ 
vented by an Indian college dropout. 

The patent portfolio of 58 pub¬ 
licly funded Indian laboratories has 
increased from fewer than 50 U.S. 
patents in 1995 to more than 720 
in July of this year—and those pat¬ 
ents are beginning to translate into 


licenses outside India. This growth 
reflects a dramatic transformation in 
India’s research culture. For decades, 
most research conducted within 
India’s closed economy was aimed at 
“reverse engineering”—a euphemism 
for copying technologies. “Without 
true innovation, we would always 
lag behind the best,” says Raghunath 
Mashelkar, director general of the 
network linking the 58 public labs, 
known as the Council of Scientific 
and Industrial Research, or CSIR. 

After India opened its economy 
in the early 1990s, foreign products 
slipped in—from cars to cornflakes. 
Industries and scientists had to com- 
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pete. In that changed environment, 
Mashelkar spearheaded a patent drive 
and preached a new mantra to scien¬ 
tists: “Patent, publish, and prosper.” 

Now most scientists and labs select 
projects only when they see opportu¬ 
nities to generate intellectual prop¬ 
erty or acquire patents. Sometimes 
those opportunities lie in unexpected 
directions: one patented Indian 
technology—the digital noise filter- 
emerged because chemical engineer 
Bhaskar Kulkarni and his colleagues 
at the National Chemical Laboratory 
in Pune strayed off their home turf. 

India’s patent savvy has also 
enticed global companies to exploit 
local Indian research talent and to 
seek partnerships with CSIR labs. To 
be sure, the raw patent numbers are 
quite small; they pale beside the track 
records of global corporate behe¬ 
moths like IBM (more than 2,900 pat¬ 
ents last year) or Samsung (more than 
1,600). But Mashelkar says the CSIR’s 
labs, despite a fairly meager budget 


of approximately $350 million, are 
now garnering more U.S. patents 
than publicly funded laboratories in 
countries such as Germany, France, 
and Japan. 

Of course, now that Cisco, Intel, 
General Electric, IBM, Sun Microsys¬ 
tems, and dozens of other companies 



have established Indian research cen¬ 
ters, some fear that India’s potential 
intellectual property will increasingly 
flow to multinational companies. 


“They’re using Indian IQ to create IP 
for themselves,” says Mashelkar. “We 
need to exploit our local IQ to gener¬ 
ate IP for ourselves.” 

Nor is everyone happy with the 
tempo of licensing. The CSIR has 
licensed only 133 patents out of 1,915 
granted. “The atmosphere for venture 
capital in high technology in India 
is not as good as it is in the Uiited 
States,” says Ajay Sood, a physicist 
at the Indian Institute of Science in 
Bangalore. “The process of moving 
ideas from the laboratory to the mar¬ 
ketplace needs to improve.” 

But nothing is stopping the auto¬ 
mated pomegranate deseeder. Unlike 
its predecessors, the gadget—designed 
by Uddhab Bharali, an engineering- 
school dropout—does not require 
water to operate. As a result, “there is 
no dilution of fruit,” boasts Chinzah 
Lalmuanzuala, an official at the 
National Innovation Foundation, an 
agency trying to promote grassroots 
inventions. GANAPATI MUDUR 


MEDICINE 

A Safer Stent 

C oronary stents that secrete drugs to 
prevent scarring are a standard medi¬ 
cal treatment, with more than one million 
implanted in U.S. patients every year. But 
some studies indicate that these stents— 
coated with a polymer that holds the 
drugs—may present their own problems. 

In March, for example, a study released by 
University Hospital in Basel, Switzerland, 
found that some patients who received 
them suffered higher rates of blood clot¬ 
ting than those using bare-metal stents. 

Now, Conor Medsystems of Menlo Park, 
CA, believes it has a safer drug-releasing 
stent. Hundreds of tiny holes run along the 
branches of Conor’s metal stent, which 
is made from stainless steel and cobalt 
chrome. Each hole acts as a reservoir for 
the drug-and-polymer mixture, whose pro¬ 
portions can be altered from one reservoir 
to the next. That allows different medica- 


A new stent is riddled 
with 100-micrometer- 
wide depressions that 
hold drugs. 



tions to be released far more precisely 
than is possible with today’s technology, in 
which one coating covers the whole stent, 
says Conor’s founder and chief technology 
officer, John Shan ley. What’s more, poly¬ 
mers in embedded reservoirs can be more 


biodegradable than existing coatings, 
which need to be tougher to withstand the 
friction of insertion. The stent has passed 
European trials; Conor is now conducting 
U.S. human trials that are expected to be 
complete next year. tom mashberg 
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ENERGY 

Carbon Ready 

Sequestration science is far 
ahead of needed policy 



umping liquid carbon dioxide under¬ 
ground on a massive scale so it 
won’t contribute to global warming 
has been talked about for years. Howard 
Herzog, an MIT chemical engineer and the 
program manager of the Carbon Seques¬ 
tration Initiative, an industrial consortium, 
says the most recent international con¬ 
ference on the subject-in Trondheim, 
Norway, earlier this year—made clear two 
things: First, the geological questions are 
being resolved favorably. Second, with¬ 
out policies that put a price on C0 2 , it’s 
unlikely that any sequestration facilities 
will actually get built. david talbot 

TR: How has interest in this field grown? 

Herzog: When this international confer¬ 
ence series started in 1992, it had 250 
people and less than 100 papers. We had 
1,000 people in Norway, and 500 papers. 

Norway was the first to enact a C0 2 
tax, in 1991. How has this played out? 

It sent a signal to see if there was a way 
to reduce C0 2 emissions and resulted in a 
large project in the North Sea to sequester 
carbon dioxide from a natural-gas field. 
What do we know about its performance? 

There is no indication of any leaks, 
and they’ve done some seismic tests that 
show the C0 2 is staying in the under¬ 


ground geological formation. The amount 
of monitoring hasn’t been such that you 
can say for certain there are no leaks—but 
none has been detected. 

What about the question of geologic suit¬ 
ability generally? 

At the Norway meeting, the biggest 
category of papers was on geological stor¬ 
age. I think the work coming out says they 
are gaining a higher degree of confidence 
that this will work—and work well, if imple¬ 
mented with good practices. 


What else is emerging on the policy front? 

With a European carbon-trading system, 
several utilities have announced projects 
to build plants with CCS [carbon capture 
and storage], which is indicating at least at 
the high level that those price signals were 
enough to induce serious interest. 

Outside of Europe, despite the lack of 
specific policies, there is still a lot of interest 
in this technology. People feel that over the 
next 10 years, policies will be put in place 
throughout most of the developed world. 
What will it take to get sequestration proj¬ 
ects built? 

Utilities are not going to build them 
unless the policy is in place or they are 
really sure that policy is imminent. It’s easier 
to announce projects than build them. 

How about in the United States? 

In the next three years, the chances 
of anything happening are negligible. 

But within the next 10 years, I think the 
chances are greater than 50/50 that we’ll 
have some kind of carbon policy. I think no 
matter who is elected in the 2008 elec¬ 
tion, there will be changes. 


Sampling of Proposed Large-Scale Projects to Capture C0 2 


Company or 
consortium (location) 

Fossil fuel 

Fate of C0 2 

Possible opening 

BP (Scotland) 

Natural gas 

Enhanced oil recovery 

2009 

BP (California) 

Petroleum coke 

Enhanced oil recovery 

2011 

Statoil/Shell (Norway) 

Natural gas 

Enhanced oil recovery 

2011 

FutureGen (U.S.) 

Coal 

Sequestration 

2012 

RWE (UK. and Germany) 

Coal 

Sequestration 

2014 and 2016 

Monash (Australia) 

Coal 

Enhanced oil recovery 

2015 

Vattenfall (Germany) 

Coal 

Sequestration 

2015 


Source: MIT Laboratory for Energy and the Environment 
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How the Doughboy graces millions of 
dinner tables. Always in a timely fashion 

Each day, Pillsbury products and other General Mills brands appear in millions 
of shopping carts around the world. HP Integrity servers with lntel®-ltanium® 2 
processors help keep distribution and inventory control systems running 
smoothly. "With their continuous performance and support, we are able to 
ensure that customer orders and shipments are processed quickly and 
accurately," said Vandy Johnson, Director of I.S. Operations. "And that's 
a comforting thought.” itanium-integrity.com 
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Hack 


The Hundred-Dollar Laptop 

Nicholas Negroponte's machine has a working 
prototype. By Daniel Turner 


F ounded by members of MIT’s Media Lab and led by its chair¬ 
man emeritus Nicholas Negroponte, One Laptop per Child 
(OLPC) is working with industry to design and produce an 
inexpensive and durable laptop to be distributed to children in 
poor countries. The laptop is meant both to display many years’ 
worth of textbooks and to connect communities wirelessly with 
the rest of the world. From its custom-designed, power-saving 
chips and displays to its built-from-scratch Linux-based oper¬ 
ating system, the Hundred-Dollar Laptop (HDL) is a study in 
economy. India’s secretary of education icily dismissed the lap¬ 
top this summer, but Thailand will test 500 units late this year, with 
an eye to buying one million. Argentina, Brazil, and Nigeria have 
also shown interest. Pictured here is a nearly final prototype. 



Q Mesh Network 

OLPC worked with chip maker Marvell to 
customize the software for the HDL’s wire¬ 
less chip—“a very special beast” says Mark 
Foster, OLPC’s chief architect. The chip 
includes an onboard CPU and its own RAM 
(unlike most wireless chips), so it can run 
even if the laptop is turned off. This enables 
each laptop to be its own wireless router. As 
a result, each laptop will be able to act as a 
node in a mesh network, a nonhierarchical, 
self-healing network that pools the power 
and bandwidth of all its nodes. A small 
school’s worth of laptops could use their 
bundled software to create a VoIP phone 
network for a village that has never had 
a telephone. Also, children will be able to 
exchange files without the need for a server. 


® High-Resolution Screen 

Standard LCD screens inexpensive enough for 
the HDL project wouldn’t have let the laptop dis¬ 
play languages, such as Arabic, whose charac¬ 
ters feature subtle curves. The custom-designed 
screen has a 1,200-by-900 gray-scale mode, 
which is readable in sunlight, and a backlit color 
mode, which offers lower resolution. Power 
is saved in two ways. First, the backlight uses 
LEDs, which use less power then the fluorescent 
backlights most laptops use. Second, the laptop 
spends a lot of time in monochrome mode, which 
doesn’t use a backlight at all. 


0 Flash Memory—and No Hard Drive 

Hard drives require lots of power to keep their platters spinning 
and their other moving parts moving, so the HDL does without 
a hard drive, using solid-state memory instead. Thanks in part 
to the popularity of MP3 players, flash memory—which would 
have broken the HDL’s budget even a few years ago—has 
become much cheaper. In addition, the HDL uses custom chips, 
designed in partnership with AMD and other companies, that 
offer great control over which parts of the computer stay on 
and which shut off at any given moment. OLPC wants to keep 
the CPU off 80 percent of the time; it hopes that, in total, these 
stingy chips will lower the H DL’s power hunger to 2 watts, com¬ 
pared with the average laptop’s 25 watts. 


Custom-Designed Chips 
DCON: The display controller chip acts as a bridge 
between the display and the rest of the system; 
because the chip can receive input and manage what’s 
on the display, the rest of the system can go to sleep 
while the display remains on. 

CAFE: The camera and flash enabler chip was first 
meant to be an interface for the laptop’s flash memory 
that was faster than standard flash-memory controllers, 
which can’t handle the continuous accessing required 
of a computer’s main storage device. But this chip also 
became a controller for a built-in digital camera, which 
OLPC may or may not include in the laptop. 
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Human Power Source 

Since its inception in January 2005, OLPC has been working 
on a human-powered way to recharge the H DL One manual 
option is a hand-pull generator, developed by Squid Labs of 
Emeryville, CA. The goal is to net 10 minutes of power for 
every minute of pulling. OLPC has also considered treadle-, 
pedal-, and even rocking-chair-based power systems, and 
it’s thought of harvesting power from keystrokes or using fly¬ 
wheels that produce power when a user carries the laptop. 



0 Ruggedization 

The water- and dust-resistant HDL is meant to be used 
by children, and in tough environments. In addition to 
using solid-state memory in place of a hard drive, it has a 
polystyrene and rubber bumper. It may also feature a two- 
millimeter sheet of transparent plastic over the display. 


Q&A 


Arthur Caplan 

Who elected you king? 


R ound and brash, with the grav¬ 
elly voice of a street fighter, 
Arthur Caplan looks and 
sounds more like a boxer than an ethi¬ 
cal philosopher. The director of the 
Center for Bioethics at the Univer¬ 
sity of Pennsylvania, Caplan has been 
enormously influential in a variety 
of debates in modern biomedicine, 
from the fate of Terri Schiavo to the 
market for organs for transplant. He 
has written or coauthored more than 
400 peer-reviewed articles and sev¬ 
eral book on the ethics of new medi¬ 
cal technologies. 

TR : Why should we care about bioeth- 
icists? Are they really so influential? 

Caplan: Bioethics is most influ¬ 
ential at the bedside. But the influ¬ 
ence of bioethicists on research 
and human experimentation is 
also strong. Finally, conserva¬ 
tive bioethicists have a lot of influ¬ 
ence in Washington these days. 

How much of this activity is just win¬ 
dow dressing? Arguably, it allows 
interested parties to say, “Look, 
we’ve got bioethicists here! We 
must be taking care of the ethics!” 

Well, that happens, but it doesn’t 
mean bioethicists don’t make a dif¬ 
ference. Bioethics has real influence 
on legislation and regulation. 

What debates have you 
most influenced? 

I was involved in the National 
Organ Transplant Act. I single- 
handedly held up the movement 
toward creating markets in organs. 

In genetics, I was the first guy on 
embryonic-stem-cell research. I was 
able to undermine the administra¬ 
tion’s argument that the president’s 
position [which allowed federal fund¬ 
ing of stem-cell research with cell 
lines that were already established] 


was a compromise. Since then, I’ve 
worked with patients’ groups and 
scientists to find a moral framework 
for embryonic-stem-cell research. 

You have not mentioned the death of 
Terri Schiavo. But last year it seemed 
you talked of little else: you were 
ceaselessly quoted in the media. 

I was the most outspoken critic 
of government intervention, that’s 
true. And I felt bullied by the presi¬ 
dent and by some members of 
Congress. But although we were 
outnumbered and outspent, it’s fair 
to say that we won that fight. Most 
Americans don’t want government 
intervention in end-of-life cases. 

Why should anyone listen 
to bioethicists? 

Critics sometimes say, “Well, 
who elected you king?” I smile and 
say, “If you don’t like what I say, just 
ignore it.” Look, bioethicists became 
influential for a reason: they were 
able to bridge the gaps between 
politicians, the media, and the sci¬ 
ences. But they’re not a priesthood, 
and they don’t have any authority 
to dictate anything to anybody. 

Do bioethicists say no a lot? 

We jokingly say that anyone can be 
a bioethicist: just say no to everything. 
You are held up as an expert on 
everything from assisted suicide to 
designer babies. You give great one- 
liners. But your ability can at times 
seem facile. Does this bother you? 

No—because it’s a skill I have, and 
I’m a quick study, and I can track a 
lot of stuff. 

Do some bioethics for us. 

There are people who have 
argued that tamoxifen [which may 
be an effective treatment for breast 
cancer] has too many side effects, 
such as ovarian cancer and eye 
problems. They think it might be 


unethical to use it as a prophylac¬ 
tic. I don’t agree. I think prevention 
is in some ways better than treat¬ 
ment. I’m not saying we should 
take every crazy risk, but I argued in 
favor of tamoxifen’s clinical trials. 

What are the principles that inform 
your opinions? 

I’m a consequentialist: I’m look¬ 
ing at outcomes. I’m trying to decide 
if a particular policy—such as allow¬ 
ing surgeons to do face transplants— 
would do more harm than good. 

That’s not much of an answer. What 
else would you do? Do consequen- 
tialists work from first principles? 

They can and do. Peter Singer 
[a Princeton University philoso¬ 
pher known for his view that acts 
should be judged according to 
whether they promote the prefer¬ 
ences of feeling creatures, regardless 
of species] has his consequential¬ 
ist utilitarianism, and he rigorously 
applies it. He says that if animals 
are smarter than retarded chil¬ 
dren, then experiment on retarded 
children. I’m not willing to trust 
any theory that far. In general, I’m 
not looking for fundamental truths 
when I discuss ethics. What matters 
is what is most practical at a gfven 
time. I ask, “What are the benefits 
and costs?” And I understand that 
the answer will change over time. 
Scientists often look down on bioethi¬ 
cists. Why? 

In the culture of science, the only 
thing that counts is the science. 

If you’re not doing that, it means 
you’re not smart or good enough. 

Do you ever wish you had 
become a scientist? 

I did go to medical school for a 
while, at Columbia. I liked it, but I 
don’t have the patience for the level of 
detail that makes good scioice. 

DAVID EWING DUNCAN 

Disclaimer: Arthur Caplan is on the hoard of g 
advisors of BioAgenda, the nonproft insti¬ 
tute of which David Duncan is the editanl | 

director. I 


24 Q&A 


TECHNOLOGY REVIEW SEPTEMBER/OCTOBER 2006 




























Notebooks 


NANOTECHNOLOGY 

The Future of 
Nanoelectronics 

New materials like carbon nanotubes 
will complement, not compete with, 
conventional silicon devices, predicts 

Song Jin. 


T he carbon nanotubes and semi¬ 
conductor nanowires that be¬ 
came available to scientists in the 
1990s captured my imagination and 
attracted me to the field now called 
nano electronics. For an inorganic ma¬ 
terials chemist like me, these newly 
discovered tiny building blocks were 
like Tinkertoys that could potentially 
be used to make all 
kinds of gadgets and 
widgets. The desire to 
build something, to in¬ 
vent new structures out 
of them, spoke to me 
as a chemist, and I’ve 
been fascinated by the 
possibilities of these 
new nanomaterials 
ever since. 

Thanks to Moore’s 
Law, however, the 
electronic devices pro¬ 
duced by the conven¬ 
tional semiconductor process are 
now also “nanoelectronics.” So what 
will be the role of new nanoelec¬ 
tronics based on chemically synthe¬ 
sized nanostructures, like carbon 
nanotubes and nanowires? Ther¬ 
modynamics dictates that chemi¬ 
cally synthesized nanostructures will 
probably never achieve the unifor¬ 
mity and perfection of electronic 
devices carved out of silicon ciys- 
tals using conventional lithography. 
Rather, the strength of the new nano¬ 
materials is in their chemical diver¬ 
sity and flexibility. 

Those of us working on novel 
nanoelectronics should be tiying to 
do things conventional technology 


simply cannot do, rather then trying 
to compete directly with the well- 
established technology. There are 
opportunities using physical mecha¬ 
nisms that have not been utilized in 
solid-state electronics. My research 
group, for example, is working on 
nanoscale magnetic semiconducting 
materials that could enable the dem¬ 
onstration of spintronics, which seeks 
to exploit the spin properties of elec¬ 
trons in computing devices. 

The silicon microelectronics 
industry has been remarkably conser¬ 
vative, using only a very small frac¬ 
tion of the elements in the periodic 
table. For a long time, after all, reduc¬ 
ing the size of transistors, which was 
made possible because of advances 
in the lithographic 
process, was suf¬ 
ficient to sustain 
the performance 
of devices as they 
were scaled down. 
But size reduction 
itself simply cannot 
deliver the necessary 
increases in perfor¬ 
mance anymore. 
New chemically 
synthesized nano¬ 
structures might be 
suitable for various 
advanced functions that are difficult 
to achieve with more conventional 
silicon-based materials. 

We can imagine a future for hybrid 
devices, combining the strength of 
both approaches. In such a scaiario, 
we would use exotic materials for new 
functions that are needed only at cer¬ 
tain places on a very large-scale cir¬ 
cuit that is generated by a conventional 
semiconductor process. Newly synthe¬ 
sized nanostructures can also compete 
in applications where perfection is not 
of paramount importance but cheap 
processing, chemical flexibility, and 
function are. Electronic biosensors in 
which carbon nanotubes or nanowires 
are used to detect specific molecules 




are certainly one of those promising 
areas, but there may well be others 
that we have not imagined yet. 

How can we organize these new 
nanostructures and integrate them 
into useful systems? This is an eior- 
mously challenging problem, and 
though I have worked on it before, 

I do not pretend that we have fully 
addressed it. But now that researchers 
have the Tinkertoys in hand, we can 
begin to come up with more creative 
ideas and strategies to manipulate 
these building blocks. 13 

Song Jin is an assistant professor ofchemisty 
at the University ofWisconsin-Madison. He is 
a member ofthisyar’s TR35 (see p 47). 


INFORMATION TECHNOLOGY 

Development 
Powered by 
Education 

Matthew Herren says interactive 
tools could prepare students in 
developing countries for the 
collaborative workplace of the future. 


I magine for a moment that you have 
one chance to pass a driving test; if 
you fail, you can never reapply for a li¬ 
cense. You ask for the material you 
will be tested on and are told pu 
can see it only briefly, peering over 
someone else’s shoulder. No one has 
trained you to operate an actual car. 
And when it is time to take the tesl, 
you are blindfolded. The result will, 
of course, be catastrophic. 

This isn’t a bad analogy for the 
challenges facing a typical African 
elementary- or secondaiy-school 
student, even though most world 
political leaders and development 
specialists agree that the future of 
African nations lies in education. 
African schools teach toward set 
exams, which determine who passes 
and who leaves school. It is a systen 
that does not foster much creative 
thought but in its own way ensures 
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E3 Cleveland clinic Medical Innovation Summit 

Neurosciences 

InterContinental Hotel & MBNA Conference Center | Cleveland, Ohio 



REGISTER NOW 

Limited Seating 


Join Jeff Immelt, GE; Jim Tobin, Boston Scientific; Larry Glasscock, 

Wellpoint; Ron Williams, Aetna, and many other top CEOs, venture 
investors, medical leaders and journalists as they highlight new 
technologies and trends in the neurosciences. Also featured will be 
the Cleveland Clinic’s selection of the year’s “Top 10” health care 
innovations, live, interactive surgeries and in-depth debates on industry 
challenges. 800 top-level senior industry executives, entrepreneurs, 
investors and clinicians will attend the 4th annual Medical Innovation 


Summit on the Cleveland Clinic campus. Members of the world 
renowned Cleveland Orchestra will perform at the opening night gala. 

November 6-8, 2006 To register now or for more information 

visit www.clevelandclinic.org/innovations 
or call 216.932.3448. Limited seating. 

Rick Kuntz, M.D., Medtronic • Chris Chavez, ANS/St. Jude • Alan Levy, Ph.D., Northstar Neuroscience • Senator David Durenberger, (R-Minn) Retired 
Ray Kurzweil, Inventor, 1999 National Medal of Technology recipient • Stanley Prusiner, M.D., UCSF • Robert Bazell, NBC • Thomas Stewart, 
Harvard Business Review • Joseph Lacob, Kleiner Perkins • Ryan Drant, NEA • Jeff Greiner, Advanced Bionics • Harry Rein, Foundation Medical 
Partners • Robert Fischell, Fischell Biomedical, LLC • Sanjay Gupta M.D., CNN • David Holveck, Johnson & Johnson Development Corp. 
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certain standards. Or would, if access 
to educational materials were equal 
throughout all schools. 

But it is not. Educational materi¬ 
als are expensive to print and to sup¬ 
ply to remote rural schools. Senegal 
is typical: school textbooks cost two 
to three times what poor families can 
afford, so only one in five students 
receives them. 

There is an alternative. Using 
digital satellite radio to connect 
to a content distribution network, 
students could download new 
material—as soon as it becomes 
available—to small handheld com¬ 
puters recharged with solar power or 
crank chargers. Then they could take 
it home to read at night, on a backlit 
screen, even in homes without elec¬ 
tricity. That is the technology my 
company, EduVision, has been devel¬ 
oping for the last two years. 

Not only would such a distribu¬ 
tion system get more, and more cur¬ 
rent, material to more students, but 
it would also introduce students to 
an important new approach to learn¬ 
ing and working. 

Students who com¬ 
pete throughout their 
school years for top 
ranking will not be 
prepared for work¬ 
places where collabo¬ 
ration is becoming 
far more important. 

An electronic envi¬ 
ronment for group 
work—a textbook wiki of sorts, in 
which students around the world can 
compare notes and share informa¬ 
tion—could teach collaboration at the 
same time that it teaches academic 
material itself. 

In the future, students in schools 
throughout the developing world will 
communicate and interact to solve 
problems and complete assignments. 
They may be in the same class or 
school, or they may be in different 
countries. They may never meet in 


person, but they will form close con¬ 
nections and learn to work in teams. 
They will also have access to vast 
libraries of content where they can 
find solutions, answer questions, and 
explore the life of the mind. 13 

Matthew Herren isfounder and chief tech¬ 
nology officer ofEduVision, an e-leaming 
company based in Ziiich, Switzerland. His 
TRM profile is on p 64. 

BIOTECHNOLOGY 

Finding Evolution’s 
Signatures 

Comparing genomes of different 
animals, explains Manolis Kellis, 
allows scientists to decipher hidden 
elements in the human genome. 


T hough researchers have finished 
sequencing the human genome, 
it is still far from understood. A ma¬ 
jor objective of biotechnology is to 
develop the experimental and com¬ 
putational tools necessary for deci¬ 
phering the signals encoded within 
the genome and to understand their 
role in human health 
and disease. 

Much remains 
unknown. It is still a 
matter of debate exactly 
how many genes the 
genome encodes, or 
even how a gene should 
be defined. In addition, 
scientists are just begin¬ 
ning to understand the 
array of regulatory sequences that 
punctuate the genome and dictate 
when certain genes are turned on and 
off. The complex code within these 
elements has yet to be deciphered. 

Comparative genomics can shed 
the powerful light of evolution on 
these unknowns. Functional regions 
of the DNA sequence, such as genes 
and regulatory regions, have been 
well conserved, remaining largely 
unchanged across related species 
through millions of years of evolu¬ 


tion; but DNA sequences that do not 
code for genes or regulatoiy regions 
change more rapidly. To help us 
understand the evolutionary con¬ 
straints of functional elements in the 
human genome, the National Human 
Genome Research 
Institute has recently 
expanded its 
sequencing efforts 
to include addi¬ 
tional mammalian 
genomes. 

In my group, 
instead of simply 
searching for highly 
conserved elements, 
we search for ele¬ 
ments that have 
changed in particu¬ 
lar ways. By com¬ 
paring various 
genomes, we have 
found several evolutionary signa¬ 
tures—common patterns in the way a 
particular DNA sequence has evolved 
over time. We are now using these 
evolutionary signatures to reanalyze 
the human, yeast, and fly genomes 
and have already uncovered hun¬ 
dreds of novel genes, novel exons, 
and unusual gene structures. 

We have also used genome-wide 
conservation patterns to define subtle 
regulatory motifs that are another type 
of evolutionary signature. Coupled 
with rapid string search algorithms, 
these signatures have led to the dis¬ 
covery of a complete dictionary of 
known and novel regulatory elements 
in the human, yeast, and fly, revealing 
the building blocks of gene regulation. 

These evolutionary signatures are 
universal across kingdoms of life. 

With complete genomes, we can use 
them to elucidate common evolution¬ 
ary principles, interpret our genome, 
study human variation and evolution, 
and revolutionize our understanding 
of human biology. 13 

Manolis Kellis, one of the TR35 (see p5 8), is an 
assistant professor of computer science at MT. 
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Burying greenhouse gas instead of 
emitting it could buy us time. 
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How it can help us understand disease. 
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In late September, Technology Review will introduce its new online Energy Channel, which will focus on the most 
important energy-related technologies for the 21st century. From solar technology and biofuels to more efficient 
ways to burn fossil fuels and safer ways to build nuclear power plants, we’ll explore the most promising energy tech¬ 
nologies—many of them ready now. To get even more timely insights and authoritative analyses, sign up for our free 
weekly Energy Newsletter and view our video “Global Warming" at: 

www.technologyreview.com 











NASA’s New Cameras 



One of the primary missions of NASA’s most recent spaceflight, 
the space shuttle Discovery's July trip to the International Space 
Station, was to test new safety technologies. While the shuttle 
orbited 300 to 400 kilometers above Earth, astronauts tried 
out new cameras designed to detect damage that the shuttle’s 
protective tiles might sustain during the trauma of leaving Earth’s 
atmosphere. Two astronauts inched out to the end of the shuttle’s 
100-foot robotic arm and boom to test their stability as a tile 
repair platform. Astronauts inside the shuttle and in the space 
o+o+ion nhntnnronh Q ri the project through their windows. 







On the day after the launch, 
Discovery astronauts unpacked 
the shuttle’s 50-foot robotic arm 
from the payload bay. Part of the 
arm and the shuttle’s wing are 
visible at right in a photo taken 
above the Gobi Desert. The arm 
has shoulder, elbow, and wrist 
joints; on the end is a grappling 
device that holds a 50-foot boom 
extension. This extension and 
its cameras were new to the 
shuttle, installed in response to 
the Columbia disaster, which 
was caused by damage to insu¬ 
lation tiles on the shuttle’s skin. 
This page: There are four sensors 
at the end of the boom: a laser 
dynamic range imager, which is 
used to make an initial scan of 
the shuttle to detect damage; 
a TV camera that helps astro¬ 
nauts orient the 100-foot arm and 
boom; and for a more focused 
inspection of suspicious areas, a 
conventional digital camera and 
a laser camera that can take 3-D 
pictures. The redundancy in the 
functions is intentional: if one 
camera should fail, the others 
will still do the job. The 100-foot 
arm and boom can photograph 
the entire shuttle; astronauts and 
NASA scientists on the ground 
inspect the photos for evidence of 
damage to the shuttle’s protective 
tiles, found on the nose, belly, and 
wings’ leading edge. 
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After photographing the shuttle’s 
surface to look for damage, astro¬ 
nauts docked at the International 
Space Station. At left, the station’s 
own robotic arm—extended 
horizontally at the top of the 
image—has just unloaded a tank of 
supplies from the shuttle’s payload 
bay, whose door is still open. This 
page: While astronauts are moving 
the shuttle’s robotic arm, the lap¬ 
top at left generates a graphic 
representation of its position in 
real time. Without this representa¬ 


tion, the astronauts would have a 
harder time moving the arm; their 
guidance would come solely from 
the cameras on the arm and from 
those in the payload bay, which pro¬ 
duce the images shown on the two 
screens on the right. The arm can 
be moved via hand controllers, or 
its movements can be programmed 
into a computer. Some of the 
imaging equipment is held down 
with duct tape. “We could not fly 
into space without duct tape” says 
NASA engineer Bruce Sauser. 
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Repairing insulation tiles was not 
an option on previous missions, 
because without a boom, parts 
of the shuttle were beyond the 
reach of its robotic arm, and in any 
case, there were no methods for 
repairing damaged tiles. Future 
astronauts will be able to repair 
shuttle tiles while perched on the 
end of the boom; during the most 
recent mission, astronauts tested 
its stability as a work platform. 
Accelerometers on the robotic arm 
recorded vibrations and flexing, 
and astronauts reported in real 
time on their comfort level. Some 
of the data is still being processed, 
but NASA engineers feel confident 
that the boom is stable enough to 
serve as a work platform during 
the 15 planned shuttle missions 
to the space station. This page: 

An astronaut touches the space 
station during a stability test. 
Opposite: Astronauts were teth¬ 
ered to the arm by spring-loaded 
reels and cords and could secure 
themselves on the end of the boom 
with foot restraints. 










On the ground, NASA engineers 
created a set of sample dam¬ 
aged tiles. In the payload bay with 
the doors open, astronauts took 
infrared photographs of them (left) 
to make sure the camera worked 
when exposed to the rigors of 
space. Infrared images can detect 
internal damage, like the black 
spots seen in these two tiles. 
Opposite: Also in the payload bay, 
astronauts practiced repairing 
damaged tile samples with a new 
putty formulation. They assessed 
how easy the putty was to dis¬ 
pense and spread in space. When 
the shuttle returned, the repaired 
tiles were tested to determine 
whether they could withstand the 
extreme temperatures associated 
with reentering the earth’s atmo¬ 
sphere. At press time, two tiles had 
been tested and had passed. 


I 
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THE JUDGES 


*George Candea 

Assistant professor of 
computer and communica¬ 
tion sciences, Ecole 
Polytechnique Federate 
de Lausanne 
George Church 
Professor of genetics; 
director, Center for 
Computational Genetics, 
Harvard Medical School 
*James Collins 
Professor of biomedical 
engineering, 

Boston University 
*Dennis Crowley 
Product manager, Google; 
founder of Dodgeball.com 
Dave Dargo 
Chief technology officer 
and senior vice president of 
strategy, Ingres 
Claire Giordano 
Director of product 
management, A9.com 
R. John Hansman 
Professor of aeronautics 
and astronautics; head, Divi¬ 
sion of Humans and 
Automation; director, 
International Center for Air 
Transportation, MIT 
Bradley Horowitz 
Vice president, Product 
Strategy Group, 

Yahoo 

Brian Hughes 

Chairman, HBN Shoe 
*Trey Ideker 
Associate professor of 
bioengineering, University 
of California, San Diego 
Robert Langer 
Institute Professor, MIT 
Dan Maydan 
President emeritus, 

Applied Materials 
Chad Mirkin 
Professor of chemistry, 
materials science and en¬ 
gineering, and medicine; 
director, International Insti¬ 
tute for Nanotechnology, 
Northwestern University 
Cherry Murray 
Deputy director for 
science and technology, 
Lawrence Livermore 
National Laboratory 
Dipankar Raychaudhuri 
Professor of electrical and 
computer engineering; 
director, Win lab, 

Rutgers University 
Mark Reed 

Professor of engineering 
and applied science; 
professor of electrical 
engineering and applied 
physics, Yale University 
Donald Sadoway 
Professor of materials 
chemistry, MIT 
Phillip Sharp 
Institute Professor, MIT 
*Christina Smolke 
Assistant professor of 
chemical engineering, 
Caltech 

*Ralph Taylor-Smith 

General partner, 

Battelle Ventures 

*Susie Wee 

Director, Mobile and Media 
Systems Lab, Hewlett- 
Packard Labs 
Jonathan Zittrain 
Cofounder, Berkman 
Center for Internet and 
Society, Harvard Law 
School 

*Past TR100/TR35 honoree 



Since 1999, the editors of Technology Review have honored those pung innova¬ 
tors whose inventions and research v\e find most exciting; today that collection 
is the TR55, a list cf 35 technologists and scimtists, all of them under the age 
of 35 (as of September 1, 2006). We begin by publicly soliciting nominations 
from around the world and collect as much information as possible abort each 
nominee. We rely heavily on the 
expertise of a distinguished panel 
of judges (left) —several of them for¬ 
mer winners themselves—to help us 
whittle down the group of nominees 
and select the very best to honor. 

Though the process is arduous, 
it’s also immensely rewarding: the 
work these innovators do provides 
a good lock at both the presort and 
the future of technology. 

The members of the 2006 TR35 
are solving long-standing problems 
—finding ways to build ultrafast com¬ 
puter chips that won’t melt down, 
for instance—and creating entirely 
new technologies, such as electronic 
skin. Their innovations address both quotidian concerns—cell-phone security, 
auto safety for pregnant women—and lofty goals—weaning the world off oil, 
improving education in Africa. Yet each is changing the world in his or her 
own way, just as our past winners did. Getting to know these innovators is 
one of the highlights of our year; we hope you enjoy learning about them as 
much as we have. —The Editors 


• Apostolos Argyris p. 53 

• Prithwish Basu p. 56 

• Jeffrey Bode p. 67 

• Edward Boyden p. 52 

• Seth Coe-Sullivan p. 57 

• Utkan Demirci p. 67 

• Roger Dingledine p. 66 

• Stefan Duma p. 63 

• Jason Fried p. 50 

• Christina Galitsky p. 60 

• Matthew Herren p. 64 

• Song Jin p. 47 

• Manolis Kellis p. 58 

• William King p. 50 

• Eddie Kohler p. 57 

• Ram Krishnamurthy p. 58 

• Stephanie Lacour p. 65 

• Ling Liao p. 47 

• Ashok Maliakal p. 55 

• Jane McGonigal p. 50 

• Joshua Napoli p. 59 

• Liam Paninski p. 48 


• Nikos Paragios p. 70 

• Michael Raab p. 69 

• Paul Rademacher p. 69 

• Anand Raghunathan p. 70 

• Joshua Schachter p. 45 

• Jay Shendure p. 53 

• Sumeet Singh p. 47 

• Paris Smaragdis p. 48 

• Marin Soljacic p. 64 

• Alice Ting p. 55 

• Christopher Voigt p. 55 

• Michael Wong p. 49 

• Ben Zhao p. 49 

• Internet 

• Nanotechnology 

• Software 

• Biotechnology 

• Hardware 

• Energy 

• Telecom 

• Transportation 
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NNOVATOR OF THE YEAR 
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Joshua 
Schachter, 32 

Del.icio.us (Yahoo) 

How tags exploit the self-interest of 
individuals to organize the Web for 
everyone. By James Surowiecki 


I n 2001, a v\onky Wall Street quantitative analyst named 
Joshua Schachter had a problem. In the late 1990s, hed 
started a website called Memepool, which was a simple 
collection of Web links that he had found interesting, 
useful, or both. O^er time, as Memepool’s users began send¬ 
ing in links they thought the site should feature, Schachter’s 
personal list of bookmarked Web pages grew to more than 
20,000 entries, far more than aiy folder system could handle. 
To bring some order to the chaos, Schachter wrote an ap¬ 
plication called Muxway, which allowed him to manage his 
links by giving each a shoit label, or tag—aiabling him to call 
up all the pages that were tagged, say, “Wi-Fi” or “math.” 

People continued to view Schachter’s list of interesting 
links; but now, because of Muxway, those links were orga¬ 
nized around tags. Pretty soon, about ten thousand people 
every day were stopping by Schachter realized that e\en with 
(or perhaps because of) the deluge of information available 
on the Web, people were still hungry for good links, and they 
were interested in finding out what others thought was inter¬ 
esting. He also figured that if tagging was helpful to him, it 
could make storing and finding bookmarks easier for e\ery- 
one else. So with that in mind, he rewrote Muxway, and in 
2005 he launched it as a website called del.icio.us. Within a 
couple of years, hundreds of thousands of people were using 
del.icio.us, and it had metamoiphosed into a system for orga¬ 
nizing not just individuals’ information but the whole Web. 
Today it exemplifies the promise cf what’s often called Web 
2.0—websites and online applications that rely on user par¬ 
ticipation to achieve their greatest value. 

At its core, del.icio.us is a bockmarking system: a place to 
store all those links that don’t fit in a “Favorites” folder. But it 
took off because it offers everyone what Muxway had offered 
Schachter: a way not just to collect links in one place but also 
to organize thorn. As people travled the Web, they could tag 
interesting pages using whatever words they wanted, and 
| del.icio.us would keep track of them all. 
i “You bookmark for one of two reasons: either you think 
I you’re going to need that page again somewhere down the 


road, or you don’t have time to read it nav, but you want to 
read it later,” Schachter says. “The challoige is, once pu’ve 
got all these bookmarks, how do you manage them? The 
problem we’re really dealing with is memory and recall, and 
using technology to make your memory more ‘scalable.’” 

Schachter deliberately avoided imposing any rules about 
how people could use tags. He knew it wouldn’t work: “If 
I went in there and said, ‘H^, you’re using that tag wrong,’ 
people would just tell me to fuck off,” he says. He also knew 
that letting people use their own tags—instead of choosing 
them from a menu he provided—would make del.icio.us 
more likely to be genuinely useful. Each person who uses 
del.icio.us is effectively coming up with an idiosyncratic 
system for classifying the Web: an article about, say, Dallas 
Mavericks owner Mark Cuban might be tagged “Mavericks” 
by one person, “crazy” by another, and “Mavericks” and 
“crazy” by a third. (Del.icio.us allows users to pin as many 
tags on a page as they want.) “If you’re trying to tag a page 
in a way that’ll get pu back there someday, you want to use 
your vocabulary, not someone else’s,” he says. 

Though del.icio.us has become a w^ for users to collec¬ 
tively organize information across the V\feb, it did not begin 
as anything so grand. Rather, it emerged as a way to help 
individuals manage their own information. “For a system to 
be successful, the users of the system have to perceive that it’s 
directly valuable to them,” Schachter says. “If pu need scale 
in order to create valuq it’s hard to get scafy because there’s 
little incentive for the first people to use the product. Ide¬ 
ally, the system should be useful for user number one.” This 
makes del.icio.us different from systems that rely on what 
economists call “network externalities”—meaning they’re 
valuable only if lots of people use them. It was hard to get 
the first person to buy a fax machiie, because a fax machine 
is useless if pu’re the only one who has one. But even for the 
first person to use del.icio.us—Schachter—it worked. 

As it happens, lots of people found del.icio.us valuable 
right from the start, making it a proverbial grassroots hit. 
Schachter did no advertising, no marketing. But the site 
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was so successful that in 2005 he quit his cfyjob atMorgan 
Stanley, raised some money from outside investors, and 
launched del.icio.us as a regular business. Less than a ^ear 
later, Schachter sold del.icio.us to Yahoo, where he now 
works in the Groups business, running the site full time. 

Schachter’s original focus on the individual user has 
never wavered, and it remains essential to the w£y del.icio.us 
works. But as more and more people stated to use the sit^ 
something interesting happened: when aggregated, all those 
individual tags created a usdul system for categorizing Web 
pages. On the surface, del.icio.us doesn’t seem designed to 
do this, since each person makes his or her own tags, and 
there’s no overarching authority to maintain order. But even 
with no one in charge, the product cf all the individual deci¬ 
sions of del.icio.us’s users is surprisingly well organized— 
and surprisingly intelligent. That is, if you do a search on 
del.icio.us for all the pages that are tagged with a particular 
word, you’re likely to come up with a remarkably good—and 
well-rounded—selection of related Web sources. In other 
words, although del.icio.us didn’t need lots of users to be 
useful, once it had lots of users, it became valuable in an 
entirely new way. Almost accidentally, it became an excel¬ 
lent tool for making soise of the Web. 

What del.icio.us’s users were creating—without necessarily 
knowing they were doing so—was what technology blogger 
Thomas Vander Wal has dubbed 
a “folksonomy,” a flexible system 
of organization that e merges 
organically from the choices 
users make. We’re all familiar 
with the alternative, the kind 
of rule-bound, top-down clas¬ 
sification scheme that Internet 
theorist Clay Shirky calls “onto¬ 
logical” in nature. The Dewey 
decimal system is an example: 
every object is assigned its place in a hiffarchical system of 
organization, and e\ery object is defined as, ultimately, one 
thing: a book goes in one place in the libraiy and nowhere 
else. In a folksonomy, by contrast, definitions are fuzzier. 
With del.icio.us, the same Web page has many different 
tags, which often aren’t even related to one another, and no 
explicit rules are being followed. Web pages are therefore 
listed not in one place but in many places, and sometimes 
pages aren’t quite where you might expect them to be. So 
folksonomies are messier than “ontologies” are. 

What del.icio.us has shown, though, is that folksono¬ 
mies’ imperfections are outweighed by their benefits. In the 
first place, folksonomies are dynamic rather than static. A 
Web folksonomy thus allows us to reclassify content accord¬ 
ing to our changing interests. An academic paper that’s 
interesting today might be equally interesting a decade from 


now—but why it’s interesting, why people care about it, 
might be very different. A traditional categorization system 
has a hard time dealing with this: once the essence of an 
object is defined, it’s supposed to be defined for good. In a 
folksonomy, the reclassification happens almost automati¬ 
cally—as people start tagging the papa* with new, more rel¬ 
evant tags, for example. Web folksonomies are also better 
at capturing the multiple meanings and uses that a given 
site has, rather than constraining the possible range of 
meanings. It’s useful, after all, to learn that many people 
have tagged stories about Mark Cuban “crazy,” in addition 
to indicating everything else that’s important about him. 
Finally, folksonomies are cheap. Imagine the labor and the 
time it would take to construct a traditional organizing sys¬ 
tem for all the pages on the Wb, and thai to maintain and 
update it. Then recognize that del.icio.us is producing a 
ceaselessly revised organizing system—at almost no cost. 

The real magic of folksonomies—and the reason sites 
like del.icio.us can create so much value with so little hired 
labor—is that they require no effort from us 0 ~s beyond their 
local work of tagging pages for themselves. It just happms 
that the by-product of that work is a \nry useful system for 
organizing information. This distinguishes del.icio.us from 
other high-profile Web 2.0 sites like Wikipedia and Digg, 
which people contribute to without reaping any obvious 
personal benefit. 

Schachter thinks the fact that del.icio.us 
does not rely on the selflessness of its 
users makes it more robust than it migh 
otherwise be. “I’m not a big be liever 
in expecting a large number of people 
to act in an altruistic fashion,” he says. 
“You want to rely on people to do what 
they do.” The echoes of Adam Smith are 
unmistakable: del.icio.us is a systan that, 
like a healthy market, turns individual 
self-interest into collective good. 

Del.icio.us now has more than 500,000 registffed users, 
and it generates as much traffic in a single dcy as it did in its 
entire first year. But even as tagging has become an industy 
buzzword that businesses are straining to associate the ni¬ 
sei ves with, Schachter is confronting the fact that the vast 
majority of people on the V\bb don’t tag at all—and probably 
have never even heard of tagging. So how does he expand 
his site’s audience? “You have to sohe a problem that people 
actually have,” Schachter says. “But it’s not always a prob¬ 
lem that they know they have, so that’s tricky.” He remains 
more focused on the site’s value to the individual than on 
its folksonomic aspects, because to him, helping individu¬ 
als store and recall inhumation is far more important than 
classifying the Web. And it may well be individual value 
that’s most likely to keep del.icio.us growing. 


Even with no overarching 
authority to maintain order, 
the product of all the 
individual decisions of 
del.icio.us’s users is surpris¬ 
ingly well organized—and 
surprisingly intelligent. 
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Regardless of what happens, Schachter has already shewn 
that out of the seeming chaos of hundreds of thousands of 
independent and eccentric judgments, order and wisdom 
can emerge. And if you think about del.icio.us in terms of 
his idea of making memory scalable, he’s also helped cre¬ 
ate a rather remarkable social memory system, in which 
all of us are able to find more and better information than 
we would on our own. As Schachter puts it, “The one who 
stashes a page doesrit have to be the oie who ends up recall¬ 
ing it. Del.icio.us is a store- of one’s own attention. But it also 
means you can share it wth others.” And that ability will only 
become more valuable ever time. “The betta- you understand 
the world, the betta- you’ll do,” Schachter says. “I really think 
that in the end, more understanding wins.” 13 



NANOTECHNOLOGY 

Song Jin, 31 

University of Wisconsin-Madison 

Making nanowires get in line 

Song Jin has developed a simple way to align nanowires, 
allowing researchers to easily incorporate them into use¬ 
ful devices such as biosensors. Jin compresses nanowires 
afloat on water until they’re oriented in the same direction. 
He then transfers the aligned nanowires to another sur¬ 
face, on which he deposits electrodes using conventional 
lithography (see “The Future of Nanoelectronics, p. 26). 

To illustrate his method, Jin created an array of 
nanowire-based transistors (above left). Each cluster is a 
group of electrodes converging on a common electrode in 
the center (top right). Hairlike nanowires bridge the gaps 
between the electrodes (bottom right). 

By outfitting the nanowires with molecules that bind to 
specific viruses or chemicals, researchers have demon¬ 
strated the value of his method for sensing applications: 
when a virus fastens onto a nanowire prepared this way, 
the wire’s conductivity changes, just as applying a volt¬ 
age changes the conductivity of a semiconductor in a 
transistor. Each nanowire is sensitive enough to register 
a lone virus particle, kevin bullis 



INTERNET 

Sumeet 
Singh, 31 

Cisco 

Faster defenses 
against computer 
viruses 


Problem: Current antivirus sys¬ 
tems rely on humans: when a 
network attack comes to light, 
security analysts begin looking 
for a string of bytes—a “signa¬ 
ture”—that uniquely identifies 
the malicious program. The 
signature must be downloaded 
(often automatically) before 
software can identify and block 
attacks. But the whole process 
takes hours—or days—while 
attacks can infect up to 55 mil¬ 
lion computers per second 
Solution: Sumeet Singh has 
completely automated worm 
and virus detection, putting 
defenders on the same foot¬ 
ing as attackers. As a gradu¬ 
ate student at the University 
of California, San Diego, 

Singh realized that worms and 
viruses move through a net¬ 
work differently from normal 
traffic: malicious code strives 
to reproduce and propagate 
itself rather than simply to 
travel from point A to point B. 
So he created software tools 
that scan for snippets of data 
that exhibit such behavior. 

Incorporated into a net¬ 
work router or switch, Singh’s 
software can identify mali¬ 
cious code when it first enters 
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a network and generate “vac¬ 
cines” to combat its spread. In 
June 2004, Singh cofounded 
NetSift with his PhD advisor, 
computer science professor 
George Varghese, to com¬ 
mercialize his technology. 

Cisco purchased NetSift just 
a year later; Singh has since 
led the integration of his tech¬ 
niques into Cisco routers and 
switches. He hopes that this 
technology, able to scan more 
than 20 gigabits of data per 
second, will eventually stop 
viruses and worms as soon as 
they pop up. —Daniel Turner 



HARDWARE 

Ling Liao, 33 

Intel 

Lighting up computers 


Within the next few years, com¬ 
puter chips will process data so 
rapidly that the wires carrying 
information between them will 
have difficulty keeping up. One 
possible solution is to transport 
the data using laser beams that 
blink on and off billions of times 
a second. Ling Liao, of Intel’s 
Photonics Technology Lab, is 
bringing us closer to that goal 
by figuring out how to build key 
optical components from the 
same silicon used to make the 
rest of a computer chip. That 
would make integration simpler 
and bring down costs. 

But silicon is normally a 
poor optical material; it’s par- 
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Paris Smaragdis, 32 

Mitsubishi Electric Research Lab 

Teaching machines to listen 


Computer scientist Paris Smaragdis is building 
some of the world’s most advanced “machine 
listening” systems—software that uses sound 
to locate people moving through rooms, moni¬ 
tor machinery for impending breakdowns, or 
activate traffic cameras to record accidents. It’s 
work you have to hear to understand. To listen to 
a podcast about it, go to www.technologyreview. 
com/TR35/parissmaragd is.aspx. 




ticularly hard to get silicon 
to modulate light—that is, to 
induce the blinking effect that 
encodes data More exotic 
materials can make light fluctu¬ 
ate in response to a changing 
electric field, but silicon resists 
that approach. Liao found that 
if she put a thin layer of sili¬ 
con dioxide between two slabs 


of silicon, she could quickly 
make electrons accumulate 
on both silicon surfaces, and 
remove them quickly as well. 
That alters any light waves 
that pass through the silicon, 
making them either dimmer 
or brighter. By building up and 
then releasing the charges 
using an alternating voltage, 


she can modulate light at 10 
gigabits per second, and she’s 
working on ever faster speeds. 
It may be a decade before her 
device finds its way into your 
computer, but eventually opti¬ 
cal connections may be able 
to handle speeds hundreds of 
times faster than those seen in 
today’s PCs. —A/e// Savage 



BIOTECHNOLOGY 

Liam 

Paninski, 28 

Columbia University 

Decoding brain signals 


Today, researchers can 

record and interpret brain sig¬ 
nals with such sophistication 
that “mind reading” is close to 
becoming a reality. One of the 
young leaders in the field is 
computational neuroscientist 
Liam Paninski, who uses sta¬ 
tistics to decipher electrical 
signals from the brain. 

Because neurons fire in 
complex patterns, it’s tricky 
to identify which neurons 
encode which actions and 
how stimuli provoke them. 
Paninski creates mathemati¬ 
cal models to make sense of 
those patterns. As an under¬ 
graduate at Brown University, 
he developed an algorithm 
that decodes arm-movement 
commands from the brain. 
Equipped with this neural 
code, Brown neuroscientist 
John Donoghue developed 
an implant that lets para¬ 
lyzed people use their minds 
to control a robotic arm, 
manipulate a cursor, or play 
video games (see “Implanting 
Hope,” March 2005). 

Now a professor at Colum¬ 
bia, Paninski is using his sta¬ 
tistical methods to decode 
vision. In the future, he hopes, 
implanted “video cards” may 
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PURIFYING POLLUTION 
As contaminated groundwater 
flows through hollow-fiber filters, 
toxic trichloroethylene (TCE) 
molecules stick to gold-and- 
palladium nanoparticles. The par¬ 
ticles catalyze the transformation 
of TCE into harmless ethane gas 
and dissolved chlorine. 


restore sight to the blind by 
translating digital images into 
neural patterns. He’s also 
exploring ways to treat epi¬ 
lepsy; as researchers decode 
neural signals more precisely, 
Paninski hopes to one day cre¬ 
ate a complete map of nor¬ 
mal brain activity. Using the 
map, researchers could detect 
deviations such as epileptic 
events. Paninski envisions a 
warning device that will recog¬ 
nize abnormal events early, so 
that patients can take drugs to 
stave off a seizure—or at least 
get to a safe place before it 
begins. —Jennifer Chu 



INTERNET 

Ben Zhao, 30 

University of California, 
Santa Barbara 

Perfecting peer-to- 
peer networks 

Ben Zhao wants to improve 
the Internet by letting new net¬ 
works piggyback on top of it. 

Zhao creates structured 
overlay networks. These peer- 
to-peer networks are like the 
ones file-sharing services use, 
routing data directly between 



NANOTECHNOLOGY 

Michael Wong, 34 

Rice University 

Cleaning up with nanoparticles 

With some 300,000 hazardous-waste sites scattered across the United States, clean¬ 
ing up contaminated soil and groundwater is a daunting challenge. Chemical engineer 
Michael Wong is taking on toxic waste with tiny particles that can break down organic pol¬ 
lutants more quickly, and perhaps less expensively, than existing technologies. 

Each particle measures just four nanometers across and consists of a gold granule 
spotted with palladium. The nanoparticles’ high surface-area-to-volume ratio enables 
them to split chemicals faster than larger particles could, but their real advantage lies in 
their unique combination of metals. Palladium on its own does an adequate job of break¬ 
ing down toxic chemicals such as trichloroethylene (TCE), an industrial degreaser that is 
linked to cancer and contaminates 60 percent of sites overseen by the U.S. Environmen¬ 
tal Protection Agency’s Superfund project. But spotting the palladium on gold has a syn¬ 
ergistic effect: the combination particles catalyze the removal of chlorine atoms from TCE 
molecules 100 times as fast as palladium particles alone. 

Wong is already developing ways to incorporate his nanoparticles into filters for treating 
contaminated groundwater. To keep the particles in place, he has designed a method of 
growing them directly on the inner walls of hollow fiber tubes. He plans to test the system 
in the field this fall. Alexandra goho 


individual users over the Inter¬ 
net. But instead of allowing 
any computer in the network 
to talk to any other, structured 
overlays have strict rules about 
which machines may talk to 
which. This allows them to 
route data more efficiently and 
to detect and sidestep failures 
more quickly. “Everything is 
about resiliency and recovery 
and robustness” Zhao says. 


As a graduate student at the 
University of California, Berke¬ 
ley, Zhao wrote Tapestry, a 
series of networking protocols 
that was one of the first struc¬ 
tured overlay networks. Some 
of his Berkeley colleagues built 
an application called Ocean- 
Store that uses Tapestry to 
provide cheap, reliable, global- 
scale data storage. Since then, 
Zhao and others have devel¬ 


oped a host of programs that 
take advantage of Tapestry. 

Now an assistant profes¬ 
sor at UC Santa Barbara, Zhao 
is working to make struc¬ 
tured overlay networks more 
secure. With companies such 
as Microsoft interested in the 
technology, his success could 
mean practical networks that 
manage and heal themselves. 
—Erika Jonietz 
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NANOTECHNOLOGY 

William 
King, 32 

Georgia Institute 

of Technology 

The world’s smallest 
soldering iron 

What can you do with a nano¬ 
sized soldering iron? William 
King has a few ideas. 

As a graduate student, 

King was invited to join the 
Millipede project at IBM’s 
Zurich Laboratory. The 
project’s experimental data¬ 
storage device uses a cantile¬ 
vered silicon bar with a tip just 
20 nanometers wide to melt 
tiny divots into plastic, “writing” 
data at 50 times the density 
of today’s best hard drives. 

By modeling the choppy flow 
of heat through the narrow 
silicon bars, King helped IBM 
engineers control it precisely— 
and so use a single tip to read, 
write, and even erase data. 

Since joining the Georgia 
Tech faculty in 2002, King 
has incorporated similar tips 
into nano soldering irons for 
making items as diverse as 
electronic circuits and tissue¬ 
engineering scaffolds. By 
cycling the tips to 1,200 °C 
and back to room tempera¬ 
ture millions of times a second, 
King releases the “solder”—be 
it a semiconductor, an insulator, 
or a biocompatible polymer- 
far more precisely and quickly 
than researchers who deposit 
materials by lowering and rais¬ 
ing silicon tips. —Peter Fairley 


TINY HEATER Heated silicon 
tips like this one can act as 
“soldering irons” to create 
nanoscale features in items like 
circuits and biological scaffolds. 

INTERNET 

Jason Fried, 32 

37signals 

Keeping online 
collaboration simple 

37signals builds aggressively 
simple Web-based collabo¬ 
ration tools that help people 
manage everything from family 
to-do lists to big corporate proj¬ 
ects. Hundreds of companies 
are using Ruby on Rails, the 
open-source software toolkit 
that the firm created, to quickly 
develop their own online 
applications. Jason Fried, the 
founder and president of the 
seven-person firm, is fond 
of saying, “It’s better to tell a 
short story well than a long one 
poorly!’ In that spirit: 

"Jason is immune 
to dogma and has 
much to teach. 

In 37signals, 
he has built an 
elegant company 
with elegant 
products based 
on the idea that 
less is more." 

—Jeff Bezos, CEO, 
Amazon.com, and 
the first out¬ 
side investor 
in 37signals 


Jane McGonigal, 28 

42 Entertainment 

Designing games with new realities 

The pay phone rings. This much you know: in the 26th cen¬ 
tury a young girVs personality was uploaded into an artifi¬ 
cial intelligence called Melissa aboard a military starship , 
which was then thrown back through time to your own year, 
2004. Now the starship's crew is dead; Melissa survives, 
damaged and stranded on the Internet server of a beekeeper 
in California's Napa Valley. From that beekeeper's website , 
ILoveBees.com , you gleaned this phone's GPS coordinates. 
You cup the receiver to your ear as Melissa speaks ... 

If this seems familiar, you were probably among the 
600,000 active players of I Love Bees in 2004. To date, it 
remains the most widely played “alternate-reality game.” 
Jane McGonigal, who recently completed her PhD in per¬ 
formance studies at the University of California, Berke¬ 
ley, was tapped to become ore of the game’s four “puppet 
masters” after she began working with 42 Entertainment, 
a company in Emeryville, CA, that creates mtertainment- 
based marketing campaigns and original content. Microsoft 
had hired the company to promote Halo 2, the vdeo game 
it was about to introduce, 
by creating a massiv ely 
multiplayer alternate- 
reality game. McGonigal 
designed the real-world 
“missions” that took ad¬ 
vantage of and shaped the 
way the players organized 

themselves. Creating and engaging this worldwide com¬ 
munity helped make I Love Bees so successful. McGonigal 
argues that alternate-reality games use network technolo¬ 
gies—e-mail, websites, Internet chat rooms, text messages, 
and phone calls—to construct new types of communities 
whose “collective intelligence” lets them solve problems 
no member could solve alone. In 2005, she and the I L(ve 
Bees team won the Game Developers Choice Awards’ 
Innovation Award and the International Academy of Digi¬ 
tal Arts and Sciences’ Webby Award. 

McGonigal has continued working with 42 Entertain¬ 
ment. In 2005 she developed Tombstone Hold ’Em, pait of 
a 2005 promotion for Activsion’s game Gun; crcwds con¬ 
gregated in historic cemeteries to play poker using tomb¬ 
stones instead cf cards. Such ncvel uses cf public spaces are 
another way she engages players. Her own work as a game 
designer is fed by watching players interpret the missions 
she designs: “They always think of far more interesting 
things than anything I could imagine.” MARK WILLIAMS 


McGonigal argues 
that alternate-reality 
games use network 
technologies to 
construct new types 
of communities. 
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BIOTECHNOLOGY 

Edward Boyden, 27 

Stanford University 

Artificially firing neurons 


ven in the hypertechie milieux 
of MIT and Stanford science 
departments, Edward Boyden 
stands out, bubbling with brilliance, 
energy, infectious enthusiasms, imagi¬ 
native approaches to impossibly ambi¬ 
tious projects—and through it all, at 
his most earnest, with a vibrant sense 
of play. At MIT, he got a bachdor’s in 
physics and bachelor’s and master’s in 
electrical engineering and computer 
science, all with a perfect grade-point 
average—and by the age of 19. 

Fascination with computing led 
him to neurobiology. “The brain is 
a three-dimensional mass of densely 
wired tissue,” he says. “It’s kind of 
the ultimate computer.” He landed at 
Stanford, where he got his doctorate 
in 2005, aged 26. Tha~e he created an 
ingenious new technology for analyz¬ 
ing and even controlling any neural 
circuit, including those in the cerebral 
cortex—important in sensation, action, 
thought, emotion, memory. 

In the science of the cortex, per¬ 
haps the toughest problem is to deter¬ 
mine how neurons interact with 


their near neighbors. The cortex has 
some 20 billion neurons, which have 
many different functions. For years, 
neurobiologists have known various 
ways to measure the outputs of indi¬ 
vidual neurons when they fire. Yet 
no method had been found to control 
inputs, to find and deliberately acti¬ 
vate cells of one particular type. 

Boyden’s technology—an elegant, 
tricky piece of genetic engineering- 
gives scientists exactly that. It begins 
with a curious protein called Channel- 
rhodopsin-2, or ChR2. This protdn 
normally sits in the cdl membrane of 
a green algae, and when exposed to 
blue light it changes the cdl’s electri¬ 
cal state. Working with Stanford col¬ 
leagues and the German researchers 
who isolated the protein and the gene 
that encodes it, Boyden linked the 
gene for ChR2 to the gene for a protdn 
that fluoresces when hit by green light, 
creating a single, novel protein. The 
researchers inserted the gene for this 
new protein into rat neurons. Under 
green light, the cells that made the 
combination protein glowed; blue light 


LIGHT STIMULATION 
Edward Boyden created a new protein 
that allows neuroscientists, for the first 
time, to find specific types of neurons 
and activate them on cue. Shining 
green light on cells making the pro¬ 
tein causes them to glow yellow; blue 
light causes the neurons to fire within 
milliseconds. 

caused the neurons to fire. Boyden 
had thus invented a precise, reliable 
neural switching system operating at 
thousandths of a second—the speed at 
which neurons naturally interact. 

He has since added genetic ele¬ 
ments that control just which type of 
neuron makes the new protein. Intro¬ 
duced into, say, a mouse’s brain, the 
protein could highlight individual 
types of neurons and allow research¬ 
ers to study their functions. 

One possible use, Boyden says, 
is to analyze the neural circuits that 
perform particular types of “compu¬ 
tation,” such as decision-making. Clini¬ 
cal applications are potentially huge: 
delivered to the brain and activated 
by implanted optical fibers, the pro¬ 
tein could give doctors the power to 
activate neurons with selected func¬ 
tions. That could give rise to radi¬ 
cal new medical technologies to treat 
brain disorders such as Parkinson’s 
disease or even some types of blind¬ 
ness, Boyden says. He believes that 
activating the right neurons could 
change mental and emotional states— 
perhaps curing prolonged, profound 
depression. More grandly, he projects 
enhancements of human mental capa¬ 
bilities, even the control of behavior. 

“We can maybe apply some simple 
versions of the technology to solving 
urgent questions of today,” Boyden 
says. “There’s a lot of synergy between 
that and the technology that we use 
to do very, very hard things, such as 
addressing psychiatric disorders, con¬ 
fronting questions of consciousness, 
making brain-machine interfaces— 
and on the way to climbing those 
mountains, we can have a lot of little 
picnics!” HORACE FREELAND JUDSON 



52 FEATURE STORY 


TECHNOLOGY REVIEW SEPTEMBER/OCTOBER 2006 



TR© 




TELECOM 

Apostolos 
Argyris, 30 

University of Athens 

Disguising data 
as noise 

Apostolos Argyris has joined 
theoretical mathematics with 
solid-state physics to demon¬ 
strate a novel, nearly unbreak¬ 
able encryption method. As a 
graduate student at the Univer¬ 
sity of Athens, the Thessaloniki 
native implemented the first 
long-distance demonstration 
of “chaotic synchronization”: 
using a pair of laser diodes, 
amplifiers, a mirror, and more 
than 120 kilometers of under¬ 
ground fiber, he disguised a 
message as white noise and 
still retrieved it clearly on the 
other end. 

The feat is a demonstra¬ 
tion of the “butterfly effect” 
the founding tenet of chaos 
theory. The theory holds that in 
sufficiently complex systems, 
even a slight adjustment of 
initial variables will produce a 
dramatically different result; 
conversely, if you can replicate 
input conditions precisely, you 
should be able to replicate 
the output, even if that output 
appears random at first glance. 

Argyris applied this principle 
by combining a digital mes¬ 
sage with a chaotic, rapidly 
fluctuating laser signal; the 
chaotic signal’s irregular shape 
masks the message and allows 


it to evade standard eaves¬ 
dropping methods. An identi¬ 
cally generated chaotic signal 
on the receiving end cancels 
out the first, leaving only the 
original data. 


The technique currently 
delivers data at one gigabit per 
second (good enough for voice 
and video encryption). Argyris 
hopes to raise that to 10 giga¬ 
bits per second by 2009. He 


BIOTECHNOLOGY 

Jay Shendure, 

31 

Harvard Medical School 

The $1,000 genome 

Biotechnologist and medi¬ 
cal student Jay Shendure 
is revolutionizing genetics 
with a new way to sequence 
DNA. In 2005, he used off- 
the-shelf parts to determine 
the order of all the DNA 
bases in a bacterial genome, 
at 20 times the speed and 
one-ninth the cost of tra¬ 
ditional DNA sequencing. 
Shendure is now working 
to make the process even 
more efficient; by 2015, he 
says, it may enable biolo¬ 
gists to sequence a person’s 
genome for just $1,000. 

The technique builds 
on polony sequencing, a 
method developed in George 
Church’s lab at Harvard. 
Shendure spreads millions 
of tiny beads on a glass slide, 
each attached to a small 
DNA fragment. He then adds 
fluorescently labeled DNA 
bases. The bases bind to 
short, complementary DNA 
sequences, and a standard 
fluorescence microscope 
records which base is at each 
position on a fragment. 

Shendure next plans 
to use the technique to 
sequence the genome of a 
lung tumor in order to iden¬ 
tify the genetic mutations 
that caused it. emily singer 


doesn’t see chaotic encryption 
replacing software encryption, 
but it could soon offer an extra 
layer of protection for the most 
sensitive communications. 
Sam M. Williams 
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COURTESY OF CHRISTOPHER VOIGT; PETER BYRON (MALIAKAL) 


BIOTECHNOLOGY 

Alice Ting, 31 

MIT 

Lighting cellular movies 

A lice Ting’s movies won’t fill any theaters, but they 
are breaking ground in using what’s called “fluo¬ 
rescence imaging” to re\eal the minute inner work¬ 
ings of cells in unprecedented cinematic detail. 

To make ha~ biology-in-action movies, Ting an assistant 
professor of chemistry at MIT, needed a bright and effi¬ 
cient light source. So ha* lab deueloped a way to, effectively, 
glue superbright fluorescent “tags” directly to proteins of 
interest. The standard way to make protons glow is to use 
green fluorescent protein (GFP), originally isolated from 
jellyfish, and cousins that fluoresce in different colors. But 
these proteins produce relatively dim light, making it diffi¬ 
cult to see single molecules or in wo processes. They also 
have to be genetically fused to the protons being studied; 
this can alta the proteins’ behavior and pre\ent them from 
freely moving around and iito cells. In contrast, Ting used 
quantum-dot tags that are up to 100 times brighter than 
GFP and interfere less with the observed proteins. 

Other labs had labe led 
proteins with quantum dots— 
nano crystals that fluoresce in 
different colors depending on 
their size—but attached them 
with the help of bulky anti¬ 
bodies. Ting’s lab did away 
with these clunky connectors 
and, at the same time, created 
far more secure ones, fusing 
small protein “linkers” to both 
the quantum dots and the pro¬ 
teins of interest. Ting then used an enzyme to join her two 
linkers, and voila—she could observe a living cell in action. 
Nor is the linking system limited to quantum dots: it can 
be used for ary tag. 

“Alice Ting is a true innovator and is one of the best 
chemists of her generation,” says Timothy Swager, chair of 
MIT’s chemistry department. “Scores of research groups 
around the world are already applying her methods.” 

One of Ting’s latest projects is to fluorescently image 
the junction between nerve cells, illuminating a biochemi¬ 
cal process that appears to pky a key role in learning and 
memory. So it may be possible one day to see an actual 
film of how a brain leams. “Mammalian cdls are so beau¬ 
tiful and funky’ says Ting—with the appreciation cf a tme 
director. J O N C O H E N 


“Alice Ting is a 
true innovator 
and is one of the 
best chemists of 
her generation,” 
says Timothy 
Swager, chair of 
MIT’s chemistry 
department. 
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NANOTECHNOLOGY 

Ashok 
Maliakal, 31 

Lucent Technologies’ 

Bell Laboratories 

The floppy screen 

Plastic semiconductors have 
already found their way into a 
number of electronic gadgets, 
providing displays that are 
bright and easy to read even in 
direct sunlight But efforts to 
make larger plastic displays— 
say, a computer monitor that 
rolls up and slides into your 
bag—have hit a roadblock: the 
electronic circuitry that drives 
their colorful pixels consumes 
too much power, and existing 
materials don’t print well onto 
large sheets of plastic. 

Working at Bell Laborato¬ 
ries in Murray Hill, NJ, Ashok 
Maliakal has homed in on this 
problem. One major challenge, 
he says, was to improve the cir¬ 
cuits’ gate dielectric—the insu¬ 
lating layer that enables their 
transistors to switch properly 
from “on” to “off’.’ 

Maliakal designed a com¬ 
pletely new dielectric material 
comprising nanoparticles of 
titanium dioxide encapsulated 
in polymer shells. The titanium 
dioxide boosts the material’s 
insulating properties, while 
the polymer makes it easy to 
print. Prototype circuits made 
with the material operate at 
one-third the voltage of those 


made with the polymer alone. 
That could mean displays that 
consume a lot less power. If 
Maliakal can incorporate his 
material into a mass-printing 
process, a new generation of 
flexible displays will be ready 
to roll. —Alexandra Goho 


BIOTECHNOLOGY 

Christopher 
Voigt, 30 

University of California, 
San Francisco 
A vision in bacteria 

Synthetic biologist Christopher 
Voigt has created an unusual 
image: the Virgin Mary on a 
lawn of E. coli (below). 

In turning microbes into a 
“photographic” medium, Voigt 
and his team have illustrated 
his approach to 
synthetic biology: 
creating genetic 
parts that can be 
used interchange¬ 
ably to achieve 
different results. 

They hooked a light 
receptor from blue- 
green algae to a protein that 
normally controls E. coli genes’ 
response to the cell’s sur¬ 
roundings. They then swapped 
one of these genes for one 
that turns a certain chemical 
black. The finished bacterium 
turned black in the dark; by 
holding a stencil between a 
petri dish and a light source, 
the researchers could impose 
an image onto the bacteria. 

Though Voigt says the bac¬ 
teria are just a “toy technology,’ 
he is using the same precepts 
to develop parts for more- 
complex organisms, such as 
bacteria that spin spider silk 
or target and kill cancer cells. 

—Emily Singer 
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TELECOM 

Prithwish Basil, 31 

BBN Technologies 

Networking unplugged 


S ending and receiving data can be 
difficult for people on the move, 
especially when they travel out of 
the range of a stationary wireless base. 
Enter “ad hoc networks,” in which 
radios communicate directly with each 
other—no central base station required. 
Prithwish Basu, a scientist at BBN 
Technologies in Cambridge, MA, has 
developed algorithms that dramati¬ 
cally reduce the chance that a wireless 
network will drop connections or fail, 


all while decreasing the energy 
consumed by battery-powered radios. 
The algorithms will work for net¬ 
works of sensors, for people carrying 
mobile computers, or even for groups 
of robots with onboard radios. The 
U.S. Defense Department is interested 
in testing these designs as a wy to 
help keep soldiers in touch on the 
battlefield, but Basu’s true passion is 
finding ways to incorporate ad hoc 
networks into everyday life. 


77?: What are ad hoc networks useful for? 

Basu: To keep mobile soldiers in 
contact with one another and with 
command, ad hoc networking is the 
most attractive solution. On the com¬ 
mercial end, people were a little 
skeptical a few years ago. But sen¬ 
sor networks have really taken off 
recently. People are buying sensors 
and deploying them to monitor dif¬ 
ferent phenomena: traffic, pollution, 
wildlife habitats, train schedules. So 
Eve been pushing my company to 
look more into commercial aspects. 
What nonmilitary applications have you 
considered? 

When I was a graduate studoit at 
Boston University, I proposed net¬ 
working parking meters. You put 
wireless transmitters on each parking 
meter in a city; then you add a sensor 
that can tell whether there is a car in 
that spot. If my car also has a transmit 
ter and I am altering Harvard Square 
from one direction, I can ask ny user 
interface for a parking space near the 
law school. My car will query the near¬ 
est meter, and if that one’s full, it will 
propagate the query until it finds a free 
spot, and then even reserves it, if pos¬ 
sible. The network could also allow 
parking police to determine violators 
almost instantly. A number of under¬ 
graduates are now implementing a 
network based on these principles. 
Could the mobile-robot networks you’ve 
developed be useful in daily life? 

If you have a group of robots run¬ 
ning the appropriate algorithms, you 
can program them to perform any col¬ 
laborative task. Suppose you have a 
network of Roombas [robot vacuums] 
and you want to clean a ... hotd floor. 
If one room is dustier, one Roomba 
would send a message to three others: 
“Hey, this space is \ery dirty, so please 
come over.” If your protocols are 
working correctly, you’ll get a distribu¬ 
tion of [robots] that follows the dust 
pattern. Robots connected this way 
could also help with relief operations 
in large disaster sites. LAUREN GRAVITZ 
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HOW ASBESTOS WORKS 
Left: Legitimate users can retrieve 
their data, but a malicious user can 
also exploit bugs in the website’s 
software to steal others’ data. 
Right: Data is tagged to indi¬ 
cate the user’s identity; if a user 
requests data that isn’t hers, 
Asbestos blocks its transmission, 
regardless of flaws in the website. 


SOFTWARE 

Eddie 
Kohler, 33 

University of California, 
Los Angeles 

A better operating 
system 

Operating systems are the 

software foundation for all com¬ 
puters, from laptops to serv¬ 
ers—but most were designed 
decades ago, without Internet 
security in mind. Small flaws in 
the operating system or soft¬ 
ware on, say, a bank’s server 
could compromise millions of 
dollars’ worth of sensitive data 
To make such information 
more secure, computer scien¬ 
tist Eddie Kohler and his team 
designed Asbestos, an operat¬ 
ing system that keeps private 


data from falling into the wrong 
hands even when other soft¬ 
ware on a computer has failed. 

Asbestos keeps personal 
data secure by “tagging” it 
with information about which 


programs or users can access 
it. Usually, this sort of tag¬ 
ging requires a large amount 
of memory, but Kohler has 
structured the tag data to use 
minimal system resources. Ini¬ 


tial tests have been promising, 
and Kohler hopes that within a 
few years, Asbestos will be an 
alternative to server operat¬ 
ing systems such as Linux and 
Windows. —Kate Greene 


HARDWARE 

Seth Coe-Sullivan, 29 

QD Vision 

Making screens crystal clear 


As a graduate student at MIT, Seth Coe-Sullivan created a 
possible way to make amazingly bright and colorful displays 
using quantum dots, tiny semiconductor crystals that emit 
specific colors of light when energized. Researchers had 
made light-emitting devices out of quantum dots before, 
but Coe-Sullivan improved their efficiency by developing a 
technique that produces a uniform, ultrathin layer of the dots 
between two flat electrodes. He then cofounded QD Vision in 
Watertown, MA, with the goal of arranging quantum dots into 
pixels to create full-color, flat-panel displays for cell phones, 
laptops, and televisions. As chief technology officer, Coe- 



COE-SULLIVAN holds 
a prototype quantum-dot 
display; plugged in (above 
right), the display shows 
off its bright pixels. 


Sullivan has already led the fabrica¬ 
tion of small monochromatic displays 
as well as the development of a pro¬ 
cess that will lead to full-color ver¬ 


sions. These screens will produce brighter images and more 
saturated colors than conventional displays—while reducing 
both component cost and power consumption by half. They 
could appear in cell phones by 2009. kevin bullis 
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HARDWARE 

Ram K. 

Krishnamurthy, 

33 

Intel 

Cooler computers 


Problem: As chip makers 
increase computing power by 
packing more and more tran¬ 
sistors into the same space, 
they could end up with chips 
that become too hot to oper¬ 
ate. In fact, if the pace contin¬ 
ues, by 2010 computer chips 
will theoretically generate as 
much heat per square centime¬ 
ter as a nuclear reactor. 

Solution: By carefully plot¬ 
ting chip circuit paths, Intel 
engineer Ram Krishnamurthy 
has minimized energy leakage 
and improved performance; his 
prototype circuits run five times 
as fast as those in today’s PCs 
but consume 20 to 25 per¬ 
cent as much power. In less 
than a decade Krishnamurthy 
has amassed 53 U.S. patents 
relating to circuit design. Intel, 
IBM, and Hewlett-Packard are 
already incorporating aspects 
of his work into advanced cir¬ 
cuits that will lead to servers 
requiring no costly cooling sys¬ 
tems, as well as to laptops with 
longer battery life. And if PCs 
soon run at a cool 10 giga¬ 
hertz, it may be thanks largely 
to Krishnamurthy’s work. 

—Daniel Turner 



4 


Gene 

identification 

Found that the 
yeast genome con¬ 
tains 500 fewer 
genes than biolo¬ 
gists believed 


Gene regulation 

■ Discovered 105 DNA sequence 
patterns that indicate elements 
responsible for regulating genes 
■ Showed that regulatory sequences 
have distinct evolutionary signatures 
■ Found 140 human microRNA genes; 
these genes make short strands of 
RNA that regulate other genes 


Gene function 

Found evidence in 
yeast and in a fish 
that duplication of 
the whole genome 
led to new roles for 
some genes 


Evolution 

Found evidence that 
transposons, sections 
of DNA that can jump 
around the genome, 
have played a role in 
the evolution of new 
combinations of genes 


BIOTECHNOLOGY 

Manolis Kellis, 29 

MIT 

Understanding genomes 

Manolis Kellis develops algorithms and techniques for analyzing the entire genomes of 
different species, the better to understand those genomes. Kellis began his PhD work with little 
knowledge of biology: his undergraduate degree is in computer science. For his thesis, he 
compared the genomes of four yeast species to identify all the genes and regulatory 
sequences in one of them—a project he’s glad no one told him was believed to be impossible. 
Comparing the genomes of multiple closely related species has proved to be a powerful new 
tool for finding genes and the sequences that regulate them, and for learning about how 
genomes evolve (see “Finding Evolution’s Signatures,”p. 28). After validating his methods in 
yeast, Kellis has moved to the human genome, which he has so far compared with those of the 
mouse, rat, and dog. His work is providing an intimate understanding of the human genome 
that may give drug developers new points of entry in their attempts to combat viruses and 
other causes of disease. Katherine bourzac 
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Joshua 
Napoli, 28 

Actuality Systems 

Higher-resolution 
3-D displays 

Before treating a tumor with 
radiation, an oncologist must 
decide how to direct the radia¬ 
tion beams so as to minimize 
damage to surrounding tis¬ 
sues without compromising 
efficacy. That kind of planning 
may soon become more accu¬ 
rate, thanks to true 3-D dis¬ 
plays whose software Joshua 
Napoli helped pioneer. 

The images at right show 
different perspectives on 
the same plan for treating a 
brain tumor with radiation: 
red marks the tumor site, blue 
marks critical structures such 
as the brain stem (which must 
receive as little radiation as 
possible), and green marks 
the proposed path of radia¬ 
tion beams. The images, 25 
centimeters in diameter, are 
projected inside a somewhat 
larger dome; this “volumetric 
display” is made by Actual¬ 
ity Systems of Bedford, MA, 
where Napoli is head of soft¬ 
ware development. Napoli’s 
software breaks up 3-D mod¬ 
els generated by a computer 
into hundreds of frames that 
are projected onto spinning 
panels inside the dome, mak¬ 
ing a smooth, interactive image. 

The software has pro¬ 
duced the highest-resolution 
volumetric 3-D displays in the 
world, Napoli says. Along with 
doctors at three hospitals, 
Actuality is studying whether 
radiation plans made using its 
displays are superior to those 
made using traditional moni¬ 


tors. Eventually, doctors could 
use the 3-D displays to view 
most types of medical scans. 
Already, petroleum companies 
are using them to help visual¬ 
ize oil and gas deposits, and 
pharmaceutical researchers 


are using them to help picture 
how potential drugs interact 
with their targets. One of the 
biggest challenges, Napoli 
says, has been engineer¬ 
ing the underlying graphics¬ 
processing software to work 


with real 3-D displays; dis¬ 
playing 3-D images this way 
requires a computer to pro¬ 
cess about 50 times as many 
picture elements as it would if 
the images were displayed on 
flat screens. —David Talbot 
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HUMANITARIAN OF THE YEAR 

Christina 
Galitsky, 33 

Lawrence Berkeley National Laboratory 

Simple technologies save energy and lives 

By Douglas McGray 


B ack in graduate school, Christina Galitsky could 
boil her life’s work down into something like the 
title of a journal article: “The reversibility of pro¬ 
teins absorbing onto a surface,” she says. But since 
she dropped off the PhD track and, later, took a job up the 
hill at Lawrence Berkeley National Laboratory, the question 
“What do pu do?” has turned into a stumper. “I guess new 
I say, I try and work on ... sort of innovative solutions to ... 
wait, what do I say?” she says with a laugh. 

Officially, Galitsky spe nds about two-thirds of her 
time developing tools to help companies diagnose energy 
inefficiencies and find new technologies that consawe power 
without sabotaging profits. But a glance around her office 
suggests that a host of other problems occupy her mind. On 
the floor lies an aluminum contraption, an efficient cookstove 
designed to fight deforestation in the poor world; she and 
her colleagues believe it might also keep refugee women in 
Darfur, Sudan, closer to their camps and out of the path of 
sexual assault. Later, she’ll don a rust-stained lab coat and 
check on her students, who are testing a low-cost scheme to 
filter arsenic from the drinking water in Bangladesh. 

“I’m involved in a crazy range of things,” she admits. 
“But it would be hard to work on one thing all day long, 
five days a week.” 

When Galitsky left the chemical-engineering program 
at the University of California, Berkeley, with a master’s 
in 1999, she found work testing the quality of California’s 
surface waters. Quickly, she recognized that much of the 
contamination she encountered came from energy-related 
sources, such as the power industry. Eager to fight pollu¬ 
tion rather than just measure it, she joined Berkeley Lab in 
2001. There, she began diagnosing energy waste in nearly 
a dozen industries, from concrete to beer. 

A couple of years later, when the California Energy Com¬ 
mission put up seed money for research into energy efficiency, 
she got more ambitious. Technologies such as occupant¬ 


sensing ventilation systems can help businesses conserve 
energy, and they often pay for than selves in just two or three 
years. But traditionally, business owners have had to discover 
those technologies and determine the costs and benefits by 
themselves—a huge barrier to adoption. Galitsky and her 
colleagues decided to test a rew approach with California’s 
wineries, offering them a system that would make it pain¬ 
less to spot their energy waste and find cost-effective ways 
to do better. (The wine industry requires huge amounts of 
power: 400 gigawatt-hours—enough to power nearly 60,000 
homes—each year in California alone, and most cf that during 
the summer and fall, when conservation matters most.) 

Galitsky and her colleagues partnered with Fetzer, a large 
California winery, and started collecting data. It was tricky. 
In some industries, managers put power meters all over their 
plants, so they know how much energy each stqi of the manu¬ 
facturing process demands. Wineries, however, tend to install 
just one meter for the whole operation. So Galitsky tallied 
everything from the number of grapes crushed to the sizes 
of Fetzer’s refrigeration tanks and pieced the data into rough 
estimates of the power used at each stage cf the winemaking 
process. Then she and her team surveyed wineries around 
the globe to identify the most energy-efficient technologies 
employed at each stage. The result is a tool called BE ST- 
Winery, based on Microsoft Excel. It poses a series of ques¬ 
tions, then spits out a score that compares the winery under 
review with a hypothetical winery of the same size and scale 
that uses the industiy’s best conservation technologies. 

Other systems for measuring energy efficiency stop the-e. 
But BEST-Winery suggests more than 100 conservation 
technologies and mns a cost-benefit analysis for each one—a 
significant innovation for this kind of tool. Winery owners 
can mix and match different technologies and find compre¬ 
hensive approaches that fit their budgets. 

The state of California presented an award for energy 
innovation to Fetzer and to Galitsky’s team, which is ready- 


60 FEATURE STORY 


TECHNOLOGY REVIEW SEPTEMBER/OCTOBER 2006 






TR© 

ing a European \ersion of the software. But wineries are only 
the beginning. Galitsky thinks a similar tool could w)rk for 
a wide range of businesses. Soon the Berkeley team will test 
that theoiy at the national le\el, working with the six coun¬ 
tries of the Asia-Pacific Partnership on Clean Development 
and Climate. These countries want to measure the environ¬ 
mental footprints of their cement, aluminum, iron, and sted 
industries; instead of evaluating a single plait, the software 
would grade entire countries. 

All that energy research is good for the plaiet, but after a 
while Galitsky wanted to find more immediate w^s to help 
the world’s poor. So she started hanging out with do-gooder 
research groups. At a Berkeley meeting of Engineers for a 
Sustainable World, she met Ashck Gadgil, a senior scientist 
at Berkeley Lab who had interests similar to hers. Together, 
they began to look at crises in Darfur and in Bangladesh. 

The problem they identified in Darfur is simple, and 
gruesome. More than 1.6 million citizeis of this Sudanese 
region have been displaced by civil war, with hundreds of 
thousands crammed into refugee camps. They have to eat, 
and to eat they have to cook, and to cook they need fire¬ 
wood, but they have already stripped the areas around their 
camps bare. Local women must wander for hours outside 
the relative safety of the camps to gather wood. This leases 
them vulnerable, and international observers have docu¬ 
mented an epidemic of rape by roving gangs. 

Nongovernmental organizations have suggested that, along 
with other measures to protect women, better cooking tools 
could reduce the need for firewood. While there have been 
a ton of competing ideas—everything from clay ovens to solar 
cookers—and a ton of opinions about which ones work best, 
none of them had been tested in Darfur with any rigor. So 
Galitsky and Gadgil went to Darfur, partnering with aid group 
CHF International. 

Traditionally, Sudanese women balance their cook¬ 
ing pots on three stones over a wood fire. But lots of heat 
escapes, and much of the wood simply chars and smokes. 
As a better option, Galitsky and Gadgil locked to a simple 
metal stove designed in the 1980s by the Indian nonprofit 
organization Development Alternatives. Galitsky held a dem¬ 
onstration in Darfur—kind of a cross between a lab experi¬ 
ment and a Ron Popeil infomercial. Before a large crowd, 
she set up the traditional three stores, the metal stcve, and 
a mud stove popular with many aid groups. A handful of 
community leaders chopped wood and stacked it iito 250- 
gram piles. Then Galitsky cooked three separate meals, 
so the women could see how much wood each stove used. 
“The stone fire used tai piles, the mid stove used nine, and 
the metal one used only four or five,” she recalls. 

Despite the metal stove’s performance, the researchers 
knew it would need modifications to fit life in Darfur. So 
Galitsky interviewed dozens of women about their lives and 



Christina Galitsky on 

her work with refugees 


On our first trip to South Darfur in November and Decem¬ 
ber 2005, my mentor, Ashok Gadgil, and I had two goals: to 
demonstrate that the cookstoves we brought were more 
efficient than the refugees’ traditional three-stone fires, and 
to collect data on the needs of Sudanese refugees, through 
informal surveys of 50 families in Otash Camp. The days 
were long, but the children’s smiles and the seriousness of 
the situation—reinforced by the tragic stories told to us by 
some of the brave women we met—kept me going. 

Our demonstrations were an instant success: the women 
were impressed by how little wood the stoves burned and 
by how quickly they cooked. We cooperated with the people 
in the camps to chop the wood, measure it, and lay it out in 
equal weighted piles—making the demonstrations easily 
transparent to the participating refugees. 

Before we left for Sudan, we had little idea of what the 
cooking conditions were like; even some of the aid work¬ 
ers in Khartoum and Washington, DC, did not know things 
essential to the design of an appropriate stove, such as the 
size and shape of the pots the refugees used. But our sur¬ 
vey brought us into the refugees’ homes; we met women 
and children, learned a little more about their day-to-day 
lives, and added greatly to the literature on cooking condi¬ 
tions in Darfur. We have come a long way since that first 
trip and are now raising funds to help us finalize a design 
for stoves that might make their lives at least a little easier. 


their cooking duties. She determined that the stove would 
need a windshield, to control the gusts that whip through 
the camps, and stakes for stability when the women stir thdr 
assida, a sticky dough that makes up most meals. She and 
Gadgil also need to make sure the stove can be manufactured 0 
quickly and cheaply But the technology shows promise. “We | 
are very excited,” says Maha Muna of the United Nations o 
Population Fund in Sudan. “The UN. and [aid grorps] have | 
funded so mary projects on fud-efficient stoves as pilots, bit i 
CHF and Berkeley Lab are actually cairying out the analysis % 
we need to be able to detemine what should be replicated.” I 
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The Berkeley researchers plan to begin delivering test stoves 
to refugee families this fall; they hope to produce 500,000 
by next year. 

In Bangladesh the problem isn’t food; it’s drinking 
water. In the 1970s, Unicef dug wells all across the coun¬ 
try so that Bangladeshis could stop dinking contaminated 
surface water. The aid group’s motives were pure, but the 
wells were not. Most were in areas with high concentra¬ 
tions of arsenic—in some cases, more than 100 times the 
level the World Health Organization has deemed safe. “It 
has been called potentially the largest mass poisoning in 
the history of the world,” Galitsky says. 

Recently, the United States lowered its own limit on arse¬ 
nic in drinking water by 80 poxent, and states are irterested 
in new technologies to meet the tougher standard—interested, 
and putting up money. Gadgil and Galitsky saw an oppor¬ 
tunity. With a $250,000 grant from the California Energy 
Commission and $100,000 from the American Waterworks 
Association Research Foundation, they are developing a fil¬ 
tration system that could work both here and abroad. 

Arsenic is easy to filter at a big water-treatment facility, but 
engineers can’t scale existing technologies down enough to 
serve individual families, or make them cheap enough for the 
poor world. Gadgil had an idea. Iron paticles act like arsmic 
magnets, bonding tightly to the arsenic for easy disposal; 
but a filter made of pure iron powder would be prohibitively 
expensive. Layering a thin coat of iron onto waste ash from 
coal-fired power plants, however, would offer similar arsenic- 
attracting surface area at a fraction cf the cost. 

Getting the ash and the iron to stickogether turned out 
to be a challenge. But after a dozen failed attempts, Galitsky 
and Gadgil came ipon the solution: washing the iron-coated 
ash particles with lye and letting them get good and rusty. 

The result, which looks something like dark cuiry powder, 
will capture nearly all the arsenic in a beaker of contaminated 
water. The researchers still need to figure out how water 
should pass through thdr hybrid ash-and-iron substrate, and 
what real-world conditions might interfere with its perfor¬ 
mance. But they believe filters made with their new medium 
could be effective enough to meet stringent safety standards 
yet still affordable enough to sell to Bangladeshi households. 
With Galitsky and Gadgil’s method, a family could filter a 
year’s worth of water for less than abort $2; it would cost at 
least $58 with today’s cheapest comparable technology. 

Galitsky talks about all her research with a real seise of 
urgency, and not just becaise people and the mvironment 
are suffering. For the problems she is addressing big gains 
are tantalizingly close, and the rewards will be great—for 
the poor communities this kind of science can help, and 
for Galitsky as well. 

“I felt so helpless,” she says. “And I still feel helpless. 
But at least now I’m doing something.” E3 


TRANSPORTATION 

Stefan Duma, 

34 

Virginia Tech 

Better virtual 
crash dummies 


About 1,000 fetuses die every 
year in the United States 
when their mothers are injured 
in car crashes. But little was 
known about how automotive 
restraints might be improved 
for pregnant women until 
Stefan Duma created the first 
computer model of a preg¬ 
nant abdomen. Duma, director 
of Virginia Tech’s Center for 
Injury Biomechanics, has also 
produced important models 
of the human eye and thorax. 
And he developed a sensor- 
rigged football helmet that has 
been commercialized to help 
doctors understand impacts to 
the head. 

TR: We’ve all seen those iconic 
crash-test dummies. What’s 
wrong with them? 

Duma: We’ve come a long 
way using these dummies, 
but they are not 100 percent 
humanlike. They only measure 
discrete locations where sen¬ 
sors are located. They are fairly 
rigid compared to a human. 

In a computer model, we can 
make them more flexible, and 
we can have an infinite num¬ 
ber of sensors. 

How did you create your 
model of a pregnant 
abdomen? 

When my wife was preg¬ 
nant, I realized there was little 
research in this area, so I got 
into it. We created the model 
using data from sources like 
studies of placenta strength 
and validated it by studying the 
results of actual crashes that 



involved pregnant women. With 
this computer model, we can 
now “see” inside the abdomen 
during the accident. 

There’s a notion that lap belts 
might harm rather than protect 
pregnant women. What does 
your model show? 

We’ve shown that the three- 
point belt is far superior to 
just a shoulder belt. But we’re 
hoping to help make devices 
to better protect pregnant 
women. We’ve been better able 
to show the injuries they are 
susceptible to. We’ve trans¬ 
ferred this model so that it is 
commercially available, and 
we are working with [vehicle] 
manufacturers on prototype 
pregnant belt systems. 

How do these prototypes dif¬ 
fer from existing seat belts 
and air bags? 

There are a lot of things 
you can do. You could have 
different attachment points, 
different sizes, different mate¬ 
rials construction for seat 
belts, for example. And we’ve 
found that the steering wheel 
is a key issue. That’s where a 
lot of the fetal deaths happen. 
—David Talbot 
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SOFTWARE 

Matthew Herren, 23 

EduVision 

Beaming textbooks across Africa 

Growing up in Africa, Matthew Herren saw that many children in cash-strapped rural 
schools have to make do with textbooks that are decades out of date. Inspired to find a 
low-cost solution to the problem, he hit on the idea of using satellites to transmit up-to- 
date educational materials. He aims to establish the technology not through programs 
run by traditional aid organizations but through a series of self-sustaining businesses. 

“We figured there had to be a way for technology to lower the cost” of providing books 
and other materials to children, Herren says (see “Development Powered by Education” 
p. 26). Herren, who is Swiss, turned to one-way satellite radio transmission because 
Internet access is unlikely to reach much of the African interior anytime soon. In a test 
last year, a Swiss foundation called BioVision installed a satellite receiver in a grade 
school in Mbita Point, Kenya, on the shores of Lake Victoria. The receiver downloaded 
textbooks onto its hard drive. The information was then transferred to handheld comput¬ 
ers rigged with simple Linux-based software for book viewing. Sixty students received 
current classroom materials. 

Herren is now trying to implement his scheme on a grander scale. Working with 
Bridgeworks, a venture capital firm in Zurich, he has already raised most of the $650,000 
needed for seed money. With that capital, Herren hopes to launch a network of busi¬ 
nesses across Africa that will sell and service the satellite receivers and handheld PCs. A 
country’s education ministry would hire one of these companies to provide and maintain 
its educational-download system—and slash the per-pupil cost of providing classroom 
materials by more than 20 percent. 

If delivering educational materials by satellite works as hoped, the basic system could 
be used to provide remote villages with health and agricultural information. Herren notes 
that in many villages that lack even roads, all paths literally lead to schools, david talbot 


NANOTECHNOLOGY 

Marin 

Soljacic, 32 

MIT 

Modeling the 
flows of light 

To understand the ambitions 
of Marin Soljacic, think of 
what the first semiconductor 
transistors did for the speed 
and power of computer cir¬ 
cuitry—and then think photons 
instead of electrons. 

By calculating the behav¬ 
ior of light in structures called 
photonic crystals, Soljacic is 
paving the way for devices 


LIGHT COMPUTING Computer 
models of photonic crystals 
allow Marin Soljacic to evaluate 
designs for all-optical information¬ 
processing circuits. 

that can process information 
at ultrafast speeds using light 
alone. The crystals’ micro¬ 
scopic honeycombs shut out 
light of any but a few particu¬ 
lar wavelengths; as a conse¬ 
quence, they could offer a way 
to guide data-carrying light 
beams within microprocessors. 
Soljacic has also shown how 
photonic crystals can enable 
light beams to interact and to 
control one another, so that 
photonic devices can carry out 
logic operations. 

The all-optical comput¬ 
ers predicted in the 1980s 


haven’t materialized, he says, 
because the effects on which 
photonic interactions depend 
are usually so weak that they 
appear only with beams too 
intense to be of practical use 
in microchip devices. But 
Soljacic has shown how pho¬ 
tonic crystals can be designed 


to dramatically boost these 
optical effects so that they 
will occur even with very low- 
power light beams. 

Ultimately, he thinks, it 
should be possible to use 
a single photon to control 
another in a photonic-crystal 
device. This would reduce 


energy consumption and heat 
production enough to make 
optical information process¬ 
ing practical—and it raises the 
possibility of all-optical quan¬ 
tum computers, which would 
expand computer power 
beyond recognition. 

-Philip Ball 
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Stephanie 
Lacour, 3O 

University of Cambridge 

Stretchable electronic skin 

B ioengineers who hope to help 
paralyzed patients by melding 
electronics with nerve or brain 
tissue face a materials challenge: liv¬ 
ing tissue and microelectronics could 
hardly be more different. Most tis¬ 
sues are supple, while the semicon¬ 
ductors and metals used in dectronics 
are brittle and stiff. As a result, the 
implanted electronics can irritate and 
damage surrounding tissue. It is pre¬ 
cisely this material difference that 
Stephanie Lacour is tiying to bridge. 

As a postdoctoral researcher at 
Princeton University, Lacour fabri¬ 
cated thin gold strips on elastic rubber 
substrates that could be stretched like 
a rubber band without losing electri¬ 
cal conductivity. The Princeton group, 
led by electrical-engineering professor 
Sigurd Wagner, then used these strips 
as the foundation of the first stretch¬ 
able integrated circuit. Connecting 
small, rigid islands of conventional 
semiconductors with the gold strips, 
the researchers built simple elec¬ 
tronic devices that still worked after 
repeated stretchings. While these 
circuits consisted of just a few tran¬ 
sistors, they demonstrated a way in 
which engineers might make every¬ 
thing from electronic “skin” for robots 
to extremely flexible displays. 

But it’s the potential applications in 
biology and medicine that are, Lacour 
says, “really thrilling.” Now a research 
project manager at the University of 
Cambridge in England, she is heading 
an effort to create implants that sur¬ 
geons could use to repair nerves sev¬ 
ered in an injuiy. 

At the back of her mind, says 
Lacour, is the goal of creating elec¬ 



tronic skin that could cover prosthetic 
limbs. Eventually, the electronics 
could be directly connected to a per¬ 
son’s nerves, providing mental con¬ 
trol over the prosthetic and, through a 
network of sensors, “feel¬ 
ings” in the limb. 

Any application that 
requires an electronic 
interface with the ner¬ 
vous system could use 
stretchable electrodes, 
says Barclay Morrison, a 
professor of biomedical 
engineering at Columbia 
University. For example, 
neuroengineers are developing micro¬ 
electrode arrays that neurosurgeons 
have begun implanting in quadriple¬ 
gic patients to allow them to control 
computer cursors or robotic arms 
with their minds (see “Implanting 
Hope”March 2005). But conventional 
metal electrodes are 100 million times 
stiffer than the brain tissue. “You’re 
implanting really rigid needles into 
the brain,” Morrison says. Lacour’s 
electrodes much more closely match 
the elasticity of brain tissue, poten¬ 
tially reducing the chance of damage. 


Morrison has begun using 
Lacour’s stretchable metal electrodes 
in experiments to study brain injuries. 
The stretching of brain tissue dur¬ 
ing an accident can set off a chain of 
cellular events leading 
to the death of neurons 
days after the accident. 
Morrison is re-creating 
the injuries by violently 
stretching thin slices of 
brain tissue. Lacour’s 
elastic electrodes can 
stretch with the tissue, 
recording in real time 
the changes in the elec¬ 
trical activity of the neurons. 

Still, says Princeton’s Wagner, the 
field of stretchable microelectronics 
is very much in its infancy. It will be 
at least a decade, he predicts, before 
the technology is ready for use in con¬ 
sumer products like flexible displays. 

But for now, bioengineers are just 
happy to have a way to bridge the 
material gap between tissue and elec¬ 
tronics. A material that can stretch to 
twice its size and still be conductive 
is “unheard of,” Morrison says. “It’s 
incredible.” DAVID rotman 


At the back of 
her mind, says 
Lacour, is the 
long-term goal 
of creating 
electronic skin 
that could cover 
prosthetic limbs 
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INTERNET 

Roger Dingledine, 29 

Moria Research Labs 

When e-mail absolutely, positively has to get there anonymously 


A dissident in China needs to e-mail 
ajournalist in Canada. An intelligence 
agency wants to surveil a foreign website. 
Like every operation on the Internet, these 
activities leave tracks. “Anonymizers” pro¬ 
vide a way around this problem; one of the 
most advanced is Tor, or the Onion Router. 


Computer scientist Roger Dingledine 
developed Tor under a contract with the 
U.S. Naval Research Lab; today, the soft¬ 
ware is distributed by the Tor Project, 
affiliated with the Electronic Frontier Foun¬ 
dation. To disguise Internet traffic’s origins, 
Tor plots a route through any three of 


more than 700 volunteer-run Onion rout¬ 
ers around the world. It sets up a two-way 
link between the sender’s computer and 
the final router in the chain; data passed 
between them is encrypted in three lay¬ 
ers, and each router in the chain peels off 
one layer along the way. Each data packet 
“remembers” only the address of the last 
router it visited. That way, even if the data 
is intercepted before the final router hands 
it off to the recipient, it’s difficult to trace 
back to the sender. —Wade Roush 
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BIOTECHNOLOGY 

Utkan Demirci, 28 

Harvard Medical School 

Disposable AIDS diagnosis 

Utkan Demirci wants doctors to take one look at his invention and “trash it.” That’s 
no knock on the device, a fast, easy-to-use—and disposable—test that measures 
the concentration of CD4 cells in the blood; doctors use that number to monitor HIV 
infections. The size of a business card, this microfluidic instrument provides an accurate 
cell count in less than three minutes. At less than a buck apiece, the tests, which could 
reach the market in a few years, could literally be a lifesaver in HIV-ridden poor countries. 

Demirci developed his expertise in microfluidics as a PhD student in electrical 
engineering. As part of his thesis, he devised a way to print semiconductor polymers 
by shooting sound waves through a small reservoir of fluid, squirting out millions of 
droplets per second. Now an assistant professor in the Harvard-MIT Division of Health 
Sciences and Technology, he’s adapting his printing technique to give doctors a way 
to grow new organs for transplant patients. Many tissue engineers build organ-shaped 
scaffolds, then coat them with cells, using conventional ink-jet printing techniques. Alas, 
the process “cooks” most of the cells. By replacing the polymers in Demirci’s printer with 
cells, engineers can deposit one unharmed cell with each droplet. Demirci hopes to use 
the method to begin building his first organ next year. He’s starting with one of the most 
challenging: the human heart, mary Carmichael 



AIDS ACCOUNTING 

To monitor an HIV infection, a 
health-care worker places a drop 
of blood onto this disposable de¬ 
vice. Piezoelectric rings lining the 
channels create sound waves that 
mix the blood with two labeled 
antibodies. Only CD4 cells bind to 
both, allowing specialized imaging 
equipment to estimate the num¬ 
ber of CD4 cells in the sample. If it 
is too low, doctors know they need 
to initiate antiretroviral therapy. 





NANOTECHNOLOGY 

Jeffrey 
Bode, 32 

University of California, 
Santa Barbara 

Peptide “Legos” to 
make new drugs 

Problem: The market for 
protein-based drugs, such 
as insulin and human growth 
hormone, has doubled over 
the last five years, to more 
than $50 billion. But making 
therapeutic proteins is dif¬ 
ficult. Unlike small-molecule 
drugs, such as aspirin, which 
can be synthesized chemically, 
proteins are typically made by 
genetically engineering bacte¬ 
ria, growing them, and extract¬ 
ing the final protein from them. 
It would be simpler if synthetic 
chemists could make small 
protein snippets called pep¬ 
tides from their amino-acid 
building blocks and then stitch 
them into complex proteins. 
But the process for mak¬ 
ing peptides is inefficient for 
chains more than 15 amino 
acids long. (Most therapeu¬ 


tic proteins contain anywhere 
from two to 30 times that 
many amino acids.) And exist¬ 
ing techniques for joining pep¬ 
tide fragments are impractical. 

Solution: Organic chemist 
Jeffrey Bode has come up with 
a more versatile way to con¬ 
nect peptides. Bode’s group 
discovered that two chemical 
groups not normally involved 
in peptide synthesis react to 


form amide bonds, the key 
link between amino acids. The 
researchers synthesized pep¬ 
tides using the standard chemi¬ 
cal recipe; they then attached 
one of their chemical groups 
to either end of each peptide. 
Placed in water, the peptides 
join together. The only by¬ 
product is carbon dioxide. 

Using Bode’s scheme, 
researchers can in theory click 


any two peptides together. 
That might eventually let drug- 
makers synthesize any protein 
from scratch. The result could 
be a surge in new protein- 
based therapeutics, many of 
which would contain chemical 
groups that are hard for bacte¬ 
ria to manufacture, but which 
would increase the drugs’ sta¬ 
bility and reduce their toxicity 
in the body. —Robert Service 
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ENERGY 

Michael Raab, 33 

Agrivida 

Making fuel ethanol more cheaply 


E thanol offers a 

renewable supply of 
auto fuel, and it can 
also reduce pollution. But 
in the United States, fuel 
ethanol is made almost 
exclusively from com ker¬ 
nels, and it provides little 
more energy than raising 
harvesting, and processing 
the corn consumes. 

Determined to help 
wean the world off petro¬ 
leum, bioengineer Michael 
Raab is putting enzymes 
into corn that will make 
it easier and cheaper to 
convert the entire plant- 
kernels, husk, stalk, and 
leaves—into ethanol. 

These proteins allow pro¬ 
cessors to break the com¬ 
plex carbohydrates that 
make up most of the com 
plant into simple sugars 
that can be easily fer¬ 
mented into ethanol. 

TR\ What is your company, 
Agrivida, doing? 

Raab: We’re taking the 
processing enzymes used 
to break down the leaves 
and the stalks and reengi¬ 
neering them so they have 
no activity when they’re 
in the plant. Then after 
you harvest the leaves and 
stalks, you can discretely 
activate the enzymes with 
a mechanism that we 
can control; we are using 
increases in temperature 
and acidity that coincide 
with normal ethanol¬ 
processing conditions. 


Why is it important to design 
these enzymes to be inactive 
until needed? 

Putting enzymes in 
plants is not a new idea, 
but it has not been very 
successful because the 
enzymes have a dramatic 
negative effect on plant 
development. Our engi¬ 
neered enzymes get 
around this problem by 
delaying their activation, 
which allows the plants to 
grow normally. 

How does this process 
improve ethanol production? 

Our enzymes allow us 
to more efficiently process 
the plant, which increases 
ethanol yields per acre by 
about 50 percent while 
decreasing costs per gallon 
by about 50 percent. In a 
commodity market that is 
growing as fast as ethanol 
is, that’s a huge deal. 

Will this process work on 
other plants? 

We are beginning with 
corn; once it’s proven 
there, we will transfer the 
traits into other crops, 
such as switchgrass, pop¬ 
lar, and sugarcane. That 
will allow geographic 
regions other than the 
Midwest to make ethanol, 
which decreases trans¬ 
portation costs; it also 
expands growing seasons 
and provides farmers with 
greater alternatives in their 
crop selection. 

DAVID EWING DUNCAN 



Paul Rademacher. 32 


Google 


The man who opened 
up the map 


There’s a magical moment when an unfamiliar piece of 
information—say, an address or an image—produces a 
flash of recognition, when we suddenly know where to 
place it. That happened to Paul Rademacher in April 2005, 
when he fired up his hacked version of the brand-new 
Google Maps site. To ease his housing hunt, Rademacher 
had deciphered, then modified, the JavaScript behind 
Google’s application, creating a version that retrieved 
data from two different sources: Google and craigslist, the 
popular classified site. The result was a hybrid page that 
displayed Google’s familiar map—and scattered across it 
icons indicating houses for rent around San Francisco. 

Rademacher’s new picture of the world—or at least 
of selected cities—took the Web by storm. Even Google 
employees wrote on a company Web page that his site, 
housingmaps.com, “blew our minds right off our shoul¬ 
ders.” Thousands of people realized that Google’s maps 
were a giant canvas on which they could doodle, taking the 
locations of crime scenes, favorite restaurants, or cheap 
gas stations and creating online tableaux for all to see. But 
more than that, Rademacher had shown a way to combine 
data and tools from completely different websites to create 
something new. One blogger called it a “mashup,” a word 
DJs use to describe the mixture of vocal and instrumental 
tracks from different songs, and the term stuck. 

For Rademacher, there’s a moral to the story. Innovation 
is possible only when companies let you tinker with their 
creations. Too many good ideas are squandered, he says, 
because the tools needed to realize them are locked 
away: “To this day, there are very few technologies that 
are open.” Creating open technologies is Rademacher’s 
new passion. In September 2005, he left his job develop¬ 
ing animation tools at PDI/Dreamworks Animation to pur¬ 
sue that passion at Google. His projects there, he says, 
are still “under wraps.” daniel Charles 
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HARDWARE 

Anand 

Raghunathan, 

34 

NEC Laboratories 
America 

Making mobile secure 


Problem: PCs have long been 
under siege from malware 
writers and identity thieves, 
but as more mobile devices 
connect to the Internet, they 
too are becoming targets— 
which could have even worse 
repercussions. Viruses that 
infect cell phones or PDAs can 
spread via Bluetooth, a wire¬ 
less technology commonly 
used to connect handheld 
gadgets to PCs and onboard 
computers in cars. The conse¬ 
quences could be severe if a 
virus hopped from a phone to a 
networked PC behind a corpo¬ 
rate firewall—or to a car’s navi¬ 
gation system, jumbling GPS 
information or worse. 

Solution: To make mobile 
devices more secure, Anand 
Raghunathan and his team at 
NEC Laboratories America 
have given them a supplemen¬ 
tary processor, dubbed Moses. 
The processor performs all of 
a device’s security functions, 
such as encryption and user 
authentication. Using a 
separate security processor 
isolates all the system’s 
encryption keys, which protect 


Nikos 

Pai'agios, 34 

Ecole Centrale Paris 

Clearer computer vision 


V ision is one of biology’s most com¬ 
plex processes. But that doesn’t stop 
Nikos Paragios from tiying to bring 
this marvel of flesh and blood to the wirld 
of bits and bytes. He develops software that 
allows computers to interpret images more 
accurately, which could improve everything 
from medical diagnosis to driving. 

As a professor at the Ecole Caitrale 
Paris, Paragios is a long w^ from the 
world of his childhood on the tiny Aegean 
island of Karpathos, where he worked 
summers in a family-owned coffee shop, 
and there wasn’t a computer in sight. 

“But everyone said computer science is 
the future,” he recalls, so he headed to the 
University of Crete to study it. 

Today Paragios is a leader in computer 
vision. Among his many projects is the 
mathematical modeling of hand gestures. 
The idea is to develop software to trans¬ 
late sign language into text, easing com¬ 
munication between the hearing and the 
deaf. The models could also allow drivers 
to simply point at icons printed on a dash¬ 
board-gestures that would be interpreted 
by onboard cameras and computers—rather 
than twisting knobs or pressing buttons. 

Paragios is best known for his contri¬ 
butions to medical imaging. As a research 
scientist at Siemens in Princeton, NJ, he 
created software to automatically detect and 



BY ALIGNING an 
image of a patient’s 
aorta with an “ideal” 
aorta, Paragios can 
help doctors diag¬ 
nose abnormalities. 


define the boundaries of 
anatomical structures. 
Applied to magnetic 
resonance images of the 
heart, for example, the 
software highlights complex structures such 
as the coronary arteries, allowing doctors 
to pinpoint changes that can lead to heart 
attacks. Siemens is now integrating Para- 
gios’s system into its MBI scanners. 

Paragios continues to work on medical 
imaging technologies. With physicians at 
Henri Mondor University Hospital outside 
Paris, he’s developing software to diagnose 
muscle diseases called myopathies with¬ 
out painful biopsies. Paragios and his team 
are turning to a variation of MRI called 
diffusion tensor imaging, which measures 
the random motion of water in biologi¬ 
cal tissues (see “10 Emerging Technologies: 
Diffusion Tensor Imaging ” March/April 
2006). The goal is to create algorithms that 
can use this motion to determine the struc¬ 
ture and orientation of muscle fibers, thus 
revealing developing myopathies. 

But no matter its application, Paragios’s 
research is driven by his desire to “do 
something that brings great innovation 
and serves society.” SHEREEN el-feki 


passwords and personal 
information. So if a virus did hit 
a device, it couldn’t access the 
passwords needed to log in to 
a bank account or an office 
computer; its effects would be 
limited. In addition, because 
Moses is specially designed to 
encrypt and decrypt data 


efficiently, a phone using the 
processor requires one-fifth 
the time and consumes one- 
third the power of a traditional 
cell phone performing the 
same tasks. 

The security processors 
will be installed in millions of 
cell phones over the next few 


years, Raghunathan says. And 
he predicts that other devices 
will benefit from Moses, too. 
Radio frequency identifica¬ 
tion tags, networked sensors, 
and MP3 players—any small 
gadget with a limited power 
supply—could use the tech¬ 
nology. —Kate Greene 
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The fastest way to learn '^ %r \ 

a language. Guaranteed.” * jV 

. v t? 4 


Finally, a different approach that has millions of people talking. Using the 
award-winning Dynamic Immersion™ method, our interactive software teaches 
without translation, memorization or grammar drills. Combining thousands 
of real-life images and the voices of native speakers in a step-by-step immersion 
process, our programs successfully replicate the experience of learning your 
first language. Guaranteed to teach faster and easier than any other language 
product or your money back. No questions asked. 




Y 


French 

Italian 

Japanese 

Farsi 

Greek 

Danish 

Dutch 

German 

Tagalog 

Vietnamese 

Thai 

Arabic 

Swahili 

Latin 

Chinese 

Russian 

Indonesian 

Korean 

Hebrew 

Polish 

Pashto 

English 

(US or UK) 

Spanish 

(Latin America or Spain) 

Portuguese 

Hindi 

Turkish 

Welsh 

Swedish 


Award-winning software successfully used by 
U.S. State Department diplomats. Fortune 500® 
executives and millions of people worldwide. 


Step-by-step immersion instruction in all key language skills: 



Listening - Rosetta Stone uses native speakers and 
everyday language to develop your understanding of 
the spoken language naturally and easily. 



Reading - Text exercises develop your reading 
skills by linking written language to real-life objects, 
actions and ideas. 




Speaking - Speech-recognition feature records, 
diagrams and compares your voice to the native 
speaker's, grading your pronunciation. 

Writing - Practice writing the language you are 
learning with the program to guide you. Simply 
write what you hear, then the program carefully 
checks your work and lets you correct any mistakes. 


"...your program is the absolute best, bar none. I am 
shocked at how quickly I learn." - Michael Murphy 

Texas, USA 

"Stupendous... the juxtaposition of text, sound and picture 
was masterful.The quality of both sound and graphics 
was first rate." - The Boston Globe 


Each fully interactive course includes: 

• CD-ROM curriculum with 20 activities in each of 92 lessons 

• Previews, comprehensive exercises and testing for each lesson 

• Automated tutorials that "learn" where you need extra help 

• Curriculum Text and 45-page User's Guide 



SAVE 

10 % 


Level 1 Program 
Regularly 5i^0lT 


Your Price 

$175.50 


Level 2 Program 
Regularly 


Pf t 


Your Price 

$202.50 


Level 1 & 2 
Regularly.$3293nr 

BEST VALUE! 

I Pi* 


Your Price 

$296.10 


Personal Edition. Solutions for organizations also available. 


Call today or buy online for a 10% discount. 

RosettaStone.com/rvs096 

1-800-399-6162 

Use promotional code rvs096 when ordering. 


Rosett; 

Language Learning 


i Stone* 


Success 
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COMPUTER SCIENCE 

The Art of the Possible 

Can Eric Bonabeau's Hunch Engine expand your mind? 
By Wade Roush 


am a low S trapped in a high S’ s 
body. 

S’ is for steadiness in the DISC 
personality-profiling system, out¬ 
lined in 1928 by psychologist William 
Moulton Marston (also the creator of 
Wonder Woman). Assessing colleagues 
and customers according to thdr need 
for dominance, influence, steadiness, 
and compliance is a skill still taight in 
many corporations. My outwardly high 
S means that if you ask me whether 
I would like to vacation in 
Italy or India, I will say Italy, 
because I’ve already been 
there, and I know what it’s 
like. If I were on Deal or No 
Deal with Howie Mandel, I’d choose 
the cash I knew I’d won over the next 
briefcase every time. 

Yet in my secret heart I am a lew S. 
The best things in ny life have turned 
up by surprise. If I let my boyfriend 
plan our vacations, we end up in exotic 
places like Shanghai or Belize, and I 
have a great time. I love new things 
when I encounter them; I just can’t 
remember that beforehand. 

So when I heard about the Hunch 
Engine, my reaction was predictably 
dismissive. I’d been assigned to write 
about the design and search tool for 
this special TR55 issue of Technology 
Review because it had just bee n 
unveiled as the latest brainchild o f 


theoretical physicist Eric Bonabeau, 
whom the magazine had named four 
years earlier as one of our top young 
innovators (see “TR100/2002,” June 
2002). In 2000, Bonabeau had founded 
a company called Icosystem to com¬ 
mercialize his ideas about the “swaim 
intelligence” that emerges from sys¬ 
tems, such as ant colonies, whose 
individual parts are not themselves 
intelligent. According to the company’s 
publicity materials, the Hunch Engine 
is software that uses evo¬ 
lutionary algorithms to 
breed solutions to science, 
engineering, business, or 
design proble ms—solu¬ 
tions that no human mind could have 
predicted. Icosystem claims that evo¬ 
lutionary algorithms expose ideas to 
a kind of natural selection, allowing 
users to “reach beyond the limits of 
their imagination.” But the notion 
that serendipity might produce better 
results than thinking and planning lrit 
me suspicious. 

That was before I heard about the 
French letter carriers. 

In June, I spent an afternoon with 
Bonabeau at his company’s headquar¬ 
ters in Cambridge, MA. Bonabeau, who 
has degrees from Paris-Sud University, 
the Ecole Fblytechnique, and the Ecole 
Nationale Superieure des Telecommu¬ 
nications and was a research fellow at 


the Santa Fe Institute, is a \ery low S— 
and an almost negligible C. Over tea, 
we talked about the menu at El Bulli, 
a notoriously experimental restau¬ 
rant north of Barcelona where reserva¬ 
tions must ordinarily be made a )ear in 
advance but where Bonabeau had, the 
week before, won a table alter a relent¬ 
less series of e-mails to themaitre d’. It 
sounded like exactly the kind cf place 
I would never try on my own but that 
I in fact enjoy. 

Designing efficient mail-delivery 
routes, Bonabeau explained to me 
after our tea, is an age-old headache 
for post-office bureaucrats. The route 
that’s shortest in distance or fastest in 
time may be unfeasible for the most 
illogical of reasons, such as the belief 
among postal carriers that it’s ineffi¬ 
cient for any two mail routes to cross. 
Or the mailman m zy simply dislike his 
new route. A large percentage of the 
mail-route reorganizations attempted 
by post offices around the world lead 
to labor-management tensions and 
strikes, Bonabeau says. 

In 2004, when the Belgian postal 
department turned to optimization 
software from the field of logistics, 
the result was no betta*. The software 
produced a set of routes that should 
have taken the department’s employ¬ 
ees 5 percent less time to complete. 
Unfortunately, Bonabeau says, “the 
mailmen hated it, and they dragged 
their feet,” taking 50 poxent longer to 
complete the new routes. “There are 
failed implementations of optimization 
software all over the world in postal 
organizations—because it’s not an opti¬ 
mization problem at all,” he says. 


THE HUNCH ENGINE 

Icosystem 
Cambridge, MA 

www.icosystem.com/ 

hunch.htm 
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It is impossible, Bonabeau is say¬ 
ing, to design a web of postal routes 
around a cily that perfectly fits the soi- 
sibilities of both managers and mail¬ 
men. There are only better solutions 
and worse solutions. It’s even difficult 
to say what makes one solution bet¬ 
ter than the next, since “sensibilities” 
can’t always be systematically predicted 
or quantified. One postal worker may 
prefer a longer route to a shorter one, 
if it goes by the patisserie where the 
owner greets him every day by name. 
One worker may prefer to walk dcwn- 
hill all day because of his fallen arches, 
while another likes a steep uphill grade 
because he’s training for a triathlon. 

No software can take all these 
.j things into account. So programmers 
| shouldn’t even try, argues Bonabeau. 
* Instead, they should look to nature, 
I in which random mutation and natu¬ 


ral selection produce the features that 
fit an organism to its environment. 
Evolutionary algorithms start with a 
few solutions and a set cf constraints, 
then breed generation after genera¬ 
tion of new solutions by recombining 
selected elements from the previous 
generations (see “Technology Design 
or Evolution?” July/August 2006). In 
order to steer the solutions in a cer¬ 
tain direction, the algorithms need 
only be told which solutions in each 
generation to recombine. The choices 
can be made automatically, or they can 
be made by humans. 

And that is where a program like the 
Hunch Engine comes in. Last year, the 
French postal agency La Poste hired Ico- 
system to spend a week combing the 
kinks out of the route system in a small 
city two hours north of Paris. On the 
first day, Bonabeau recounts, Icosystem 


handed a set cf six route options to each 
of the city’s 40 mail carriers. The carriers 
handed in thdr ranked choices the next 
morning, and these were fed into the 
Hunch Engine. The program randomly 
recombined the routes to generate new 
ones, then picked out the ones with the 
highest-ranked “parents.” That night, 
the carriers ranked the new routes, and 
the cycle continued. After a few days of 
this, a persistent web of routes began to 
emerge; the program had homed in on 
a solution. And when the new routes 
were put into practice, the letter carri¬ 
ers said they were happier. Or less mal- 
heureux , as the case may be. 

The astonishing thing says Bonabeau, 
is that “the mailmm never say why they 
like this route or that one.” Bonabeau 
believes that programs based on the 
Hunch Engine can help people with a 
particular class of problems: the kind 
where they have a hard time express¬ 
ing exactly what they want, but they 
know a solution when they see it. 

Bonabeau is careful to emphasize 
that evolutionary algorithms are noth¬ 
ing new. Computer scientists have been 
experimenting with them since the 
1980s, and Icosystem has been selling 
industrial design tools based on them 
for several years. One tool, for exam¬ 
ple, helps pharmaceutical researchers 
breed biological molecules that are 
likely to interact favorably with recep¬ 
tors in the body. 

What’s new is the use of evolu¬ 
tionary algorithms in programs that 
laypeople might use to invent things. 
A simple demonstration on Icosys- 
tems’ website, for instance, asks a 
user to select a few initial designs for 
Mondrianesque wallpaper or bathroom 
tiles; the designs’ evolution can then 
be directed toward the pattern the user 
likes best. The first standalone com¬ 
mercial service based on the Hunch 
Engine will debut this fall, when Ico- 
systems launches an online company¬ 
naming service. Bonabeau says that for 
$15 or so, the naming engine will let 
a user recombine random phonemes 
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DESIGN 

Q Is for Quixotic 

Because they wanted their new Q phone to feel familiar, Motorola 
engineers decided it should run Windows. Big mistake. 

By Simson Garfinkel 


and filter the resulting names un til 
something pleasing, inoffensive, and 
non-trademarked emerges. 

I’d been intrigued by the mailman 
story, but here I balked. The idea that 
a beautiful name might emerge from a 
mindless program offended me. Surely, 

I told Bonabeau, the quality of the solu¬ 
tions the Hunch Engine can generate 
must be limited by the quality of the 
real-world rules programmers are able 
to write into their software. These rules, 

I argued, must often be too numerous or 
subtle to capture. What kind of world 
would it be, I asked, if we let chance 
and mindless algorithms substitute for 
human creativity? 

It was, of course, my outer high S 
speaking: I want to know where we’re 
going and how we’re getting there. But 
as usual, I was cutting myself off from 
exciting possibilities. 

There’s no need to capture all the 
rules, Bonabeau replied. “Your ques¬ 
tion is really about the design space,” 
he said. “How can you make sure it’s 
rich enough that you’ll have a chance 
of finding something interesting? Well, 
there are cases where the design space 
is well defined. A good example is 
cooking, where, with five ingredients 
and five ways of combining them, I can 
already create more dishes than y>u can 
count. In those cases the Hunch Engiie 
helps you navigate the design space. 
You can never be sure you’re explor¬ 
ing the space in an exhaistive manner. 
But you’re navigating it in a w^ that is 
a lot smarter than a random walk and a 
lot more empowering than being forced 
into a solution.” 

Left on my own, Bonabeau might 
as well have been telling me, I tend to 
putter in one comer of my life’s design 
space. I am afraid to trade the route I 
know for the new one that’s probably 
better. But the Hunch Engine may give 
us inner low Ss a taste of the wider 
possibilities—and a reminder that in 
the end, life will find its own way. E3 

Wade Roush is a senior editor at Technology 
Review. 


M otorola’s Q phone weighs 4.1 
ounces, fits easily in a shirt 
pocket, and is just 11.5 mil¬ 
limeters thick. It looks like a cross 
between Motorola’s successful Razr 
flip phone and Palm’s blockbuster 
Treo smart phone, and it’s tempting 
to compare the Q to the T reo 700p 
and Research in Motion’s BlackBerry 
7290; all three devices are designed to 
let you check your e-mail, make tele¬ 
phone calls, save contacts in an address 
book, update your calendar, 
and browse the Web. 

But Motorola isn’t posi¬ 
tioning the Q as a T reo 
killer. Mike Booth, a saiior 
director at Motorola who oversaw the 
product’s management, told me that 
it isn’t just another smart phone for 
business executives. Its relatively low 
price, thinness, stereo speakers, and 
1.5-megapixel camera make it ideal for 
people who don’t have high-power jobs 
but would like to be more organized- 
people like artists, college students, 
and stay-at-home parents. 

Most cell phones now have calen¬ 
dars and address books built in, but 
they also have interfaces that must 
have been designed by engineers 
who majored in torture—“Death by a 
thousand clicks!” In contrast, the Q’s 
Qwerty keyboard, jog dial, and five¬ 
way cursor control make its advanced 
features relatively straightforward to 
use—especially text messaging and the 
built-in Web browser. 

The Q started as a project to make a 
stylish smart phone: think of an ultra- 
thin Razr with a Qwerty keyboard. 
Motorola wanted something that execu¬ 
tives could use for both v)ice and data 
during the week and then take home 


for weekends with their families. But 
after trials that involved hundreds 
of people inside Motorola—many of 
whom were not technologists bu t 
receptionists, drivers, factory work¬ 
ers, and so on—the company realized 
that it had created something dse alto¬ 
gether: an intelligent device that, says 
Booth, could be used by the “techno¬ 
logically illiterate.” 

For just this reason, explains Booth, 
Motorola decided that the Q should 
run the Windows Mobile 5 
operating system. After all, 
what could possibly be more 
familiar than Windows? 

I disagree with that rea¬ 
soning. In my tests I found Windows 
Mobile 5 on the Q to be slow, buggy, 
and cumbersome. Worst of all, the 
phone’s software generally fails to take 
into account the user’s current activi¬ 
ties and goals—what you might think 
of as the “context.” Instead, Windows 
Mobile forces the user to understand 
what’s going on inside the p hone- 
how data and functionality are divided 
among the phone’s various applica¬ 
tions, how menus are structured, and 
even where files are stored. 

In other words, the Q succeeds in 
bringing the expedience of Windows to 
the mobile phone. This is its failing. 

Hardware par Excellence 

Despite its diminutive size and light 
weight, the Q is loaded with a com¬ 
bination of sweet components that 
isn’t found in any other phone today. 
There’s a jog wheel for fast scrolling 
through e-mail messages and W eb 
pages—I wish my Treo had one! The 
stereo speakers are loud and have great 
fidelity. The camera, with a maximum 


MOTOROLA Q 

$ 199.99, with a two-year 
contract for cellular- 
telephone service from 
Verizon Wireless 
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resolution of 1,280 by 1,024 pixels, 
takes remarkably good pictures when 
the light is bright. It also has a bright 
white LED for taking photographs in 
low light. Once you’ve taken a photo, 
you can send it off via Bluetooth or 
infrared, e-mail it to somebody as 
an attachment, attach it to an e ntry 
in your address book, or save it on a 
flash memory card. When you’re tak¬ 
ing a picture, the jog wheel controls 
the camera’s zoom. 

The hardware is awesome—and 
underexploited by the Windows 
Mobile software. For example, I found 
that you can also use the LED illumi¬ 
nator as a flashlight even when you 
aren’t taking a photo. This is so usdul 
that you can now download a third- 
party program to turn on the illumi¬ 
nator at the press of a button. 

I’ve owned more than 
a dozen PDAs and smart 
phones since I bough t 
my first Palm back in the 
mid-1990s, and e\ery one 
of them—including all my 
Treos—has required a spe¬ 
cial dock or proprietary 
cable for sy nching and 
charging. Not so with the 
Q: it has a socket for a stan¬ 
dard “mini USB” cable that 
charges and syncs. And the 
Q’s headphone jack is on 
top—so you can use headphones with 
the Q in your pocket. 

I have only two complaints about 
the Q’s hardware: the scree n and 
the phone’s internal charger. The 
Q’s screen is strictly for inside use. 
Indoors, the color is saturated, and the 
text is easy to read. Bet go into the sun¬ 
light and it’s nearly impossible. Other 
phones, like my Sharp GX15, have a 
more expensive screen that becomes 
reflective in direct sunligh t, which 
3 improves legibility. Worse, the Q’s 
| screen is not a touch screen: Motor- 
o ola’s designers told me they didn’t 
£ want the extra thickness and didn’t 

i y. 

8 want a cell phone that required a sty¬ 


lus. Alas, while a touch screen might 
have required an extra millimeter or 
two, it would have made the phone 
much easier to use. And besides, a 
good touch screen doesn’t require a 
stylus: I do most cf the clicking on ny 
Treo with my finger. 

The second design flaw is that the 
phone won’t charge from a computer 
USB port if the battoy is drained; from 
a cold start, you must use the charger 
that Motorola provides. 

Icky Software 

Despite all the jazzy hardware, it’s 
frustrating, not fun, to use the Q. This 
is a phone that should fit into the life of 
the user and the context of use, rather 
than forcing the user to understand its 
internal organization. Yet that kind of 
understanding is precisely what the Q 
demands. Geeks might 
gravitate to the Q for the 
challenge of figuring out 
how it works, but most 
average users will be 
exasperated. 

Just consider the steps 
you need to go through to 
take an MP5 from your 
desktop computer and 
play it through the Q’ s 
stereo sound system: 

First y ou n eed to 
set up your desktop by 
installing Microsoft’s Active Sync. This 
should be a one-click maneuver, but 
it’s complicated because ActiveSync 
also wants you to configure calendar 
and e-mail synchronization settings. 
If you use Microsoft Outlook, those 
settings are automatically imported. 
But if you use Microsoft’s free Outlook 
Express, ActiveSync recommends that 
you switch to Outlook! Once Active¬ 
Sync is installed, you need to reboot. 

When ActiveSync is installed, a iew 
“Mobile Device” icon will appear in 
your desktop’s “My Computer” win¬ 
dow. I loaded my MP3s onto the Q 
by dragging the files onto this icon. 
Each MP3 needs to be resampled at 


160 kilobits pa~ second, a process that 
can be excruciatingly slow. While the 
songs are being resampled, Windows 
Explorer is frozen. 

Once the MP3 is on the {hone, you 
still can’t play it, because Microsoft’s 
Media Player doesn’t know it’s there. 
After all, Media Player is a separate 
application. So you need to follow 
these steps. First, run Media Player 
from the phone’s “Start” menu. Then 
click on the Q’s “Menu” button. Select 
“Library,” click “Menu” again, and 
select “Update Library.” This makes 
Media Player search through all the 
files on the Q, locking for new music. 
The phone tells you how many songs 
it found; you click “Done” to acknowl¬ 
edge its report, after which Media 
Player displays the “Library” screen 
again. But this screen doesn’t actually 
show you your music. Instead, it allcws 
you to select “My Music,” “My Videos,” 
“My TV,” or “My Playlists.” Choose 
“My Music,” and you have a choice of 
viewing ‘All Music” or music grouped 
by “Artist,” “Album,” or “Genre.” 
Select ‘All Music,” and pu will finally 
see the MP3 files that you transferred 
from your desktop. Select a song using 
the arrows, and thai press the left but¬ 
ton below the screen, which is now 
labeled “Play.” 

This whole process is very logical. 
But I think that most people w ould 
rather just select their favorite songs, 
click a button that says “Put on My 
Q,” and have all these steps happen 
automatically in the background. To 
play music, most people wDuld like to 
click a button and see a list of their 
songs; somebody who would rather 
see the list sorted by artist or album 
could click on another button to dis¬ 
play some kind of menu. 

Using the Q is so com plicated 
because of Windows Mobile. All these 
convolutions result from Microsoft’s 
belief that the user should have lots 
of options and be made constantly 
aware of what is happening inside 
his or her computer. 
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PUBLIC WORKS 

Golden Gate Lark 

Should San Franciscans trust Google and their mayor to improvise 
the city's Wi-Fi network? By Mark Williams 


It’s like driving a car with a manual 
transmission: control at the expense 
of convenience. Copy a new file onto 
the Q and you frequently need to click 
“Menu/Refresh” in the Windows File 
Manager to make the file appear. Try 
to send a message, and you’ll need to 
select whether you want to use SMS 
(the Short Message Service for sending 
text messages between cell phones), 
Outlook e-mail, mail from otha* e-mail 
providers, or MMS (for sanding multi- 
media messages between cell phones). 
But a single program w ith multiple 
drill-down menus doesn’t reflect the 
way people use these different services. 
My Treo has one program for SMS, 
which works great for chat with a lot 
of quick back-and-forths, and a com¬ 
pletely different application for e-mail. 
Each application is geared to the con¬ 
text in which a user is likely to use it. 

It’s possible to build software that 
tries to understand the user’s context 
and act accordingly. Apple’s iTunes, 
for instance, copies music to your 
iPod in the background and lets you 
set up playlists even when your iPod 
is not connected. The software doesn’t 
have many options, but it’s an elegant, 
context-aware interface. 

A final way in which the Q dupli¬ 
cates the Windows experience is with 
cryptic error messages and frequent 
crashes. I tried to listen to my local 
public-radio station’s Windows Media 
stream and got the message “Alert: 
An unknown error 0X80070057 has 
occurred.” When I was evaluating the 
Q, I got mary messages telling me that 
a program called gwes.exe had crashed. 
“Please tell Microsoft about this prob¬ 
lem,” the phone requested. 

Mike Booth was right: my 10-plus 
years of experience with Microsoft 
Windows on the desktop ga/e me the 
insight I needed to diagnose and repair 
the recurring problem with gwes.exe. 
I rebooted. 13 

Simson Garfinkel researches computerforen¬ 
sics at the Harvard Centerfor Research on 
Computation and Society. 


A longside freedom of religion 
and protection against cr uel 
and unusual punishment, Inter¬ 
net access through a municipal Wi-Fi 
network is now to be reckoned a basic 
human right. Or so says San Francisco 
mayor Gavin Newsom, who announced 
a free wireless-access project called 
TechConnect in August 2005. 

The proclamation was characteristic 
of Newsom; he combines a 
proclivity for media grand- 
standing with a weird indif¬ 
ference to mundane political 
chores like passing legisla¬ 
tion and brokering deals among con¬ 
trary factions. Still, Newsom is hardly 
alone in supporting urban wireless 
Internet coverage: some advocates 
of the technology argue that it could 
bring disadvantaged Americans the 
same dramatic benefits that a $100 
laptop would supposedly provide in 
the developing world. With local gov¬ 
ernments asserting that such networks 
could cut their operational costs and 


boost economic development, more 
than 500 municipal Wi-Fi projects are 
now proceeding in the United States, 
according to data compiled by CNET. 

Is the municipal Wi-Fi boom a real 
advance for America’s cities or a well- 
intentioned boondoggle? Critics argue 
that current Wi-Fi technology, with its 
slow connection speed, will be obsolete 
by the time most municipal networks 
are completed. In Orlando, 
FL, and some Asian cities, 
meanwhile, pilot Wi-Fi 
networks have gone largely 
unused by residents. The 
one project universally cited as a suc¬ 
cess—Philadelphia’s—was preceded by 
careful thinking about why communi¬ 
ties need wireless Internet access, who 
would use it, and at what cost. 

Whatever strategic thinking was 
being done by TechConnect’s plan¬ 
ners seemingly went out the window in 
February 2006, when Google, together 
with EarthLink, joined the bidding to 
become the supplier of San Francisco’s 


TECHCONNECT 

San Francisco’s 
municipal Wi-Fi initiative 

www.sf g ov.o rg/s ite/tech_ 
connectjndex.asp 
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network. Newsom had been cultivat¬ 
ing connections with the search com¬ 
pany since January 2005, when he was 
reported to have hitched a ride home 
from the ann ual World Economic 
Forum meeting in Davos, Switzer¬ 
land, aboard a jet chartered by Google 
cofounders Larry Page and Sergey Brin. 
(He later reimbursed the company for 
the cost of a commercial flight.) 

San Francisco’s specs for the net¬ 
work were forbidding. The cit y’s 
request for proposals insisted that 
the network function seamlessly for 
users traveling at 50 miles per hour, 
a trick Wi-Fi engineers haven’t quite 
perfected. The city also called for 95 
percent outdoor and 90 paxent indoor 
coverage city wide, which would 
require an unusually large number 
of Wi-Fi access points in any city, let 
alone one as hilly as San Francisco. 

In t heir p roposal, G oogle a nd 
EarthLink strove to meet these expec¬ 
tations. Google would foot the bill for 
free Wi-Fi service, which would run— 
or crawl—at 500 kilobits per second, 
about five times the speed of a dial-up 
modem connection. EarthLink would 
build the network hardware and offer, 
for $20 a month, a megabit-per-sec- 
ond service with customer support. 
The proposed network would require 
at least seven Wi-Fi access points per 
square kilometer, mounted on city 
property such as light poles and traf¬ 
fic lights. At this density, the network 
would meet the dty’s coverage goal but 
would not be guararteed to reach abcve 
the second floor of buildings. In April, 
San Francisco provisionally accepted 
the Google-EarthLink proposal, pend¬ 
ing successful contract negotiations. 

In May, however, when I sat through 
a LAFCO meeting (California’s Local 
Agency F ormation Commissions 
handle county contractual service 
agreements like the proposed Google- 
EarthLink Wi-Fi deal) at San Francisco 
City Hall, I got the inpression that cily 
managers remain either deliberately 
indifferent to or clueless about funda¬ 


mental aspects cf the Google-EarthLink 
proposal. Of the three commission 
members present, one remained silent 
throughout. A second—Tom Ammiano, 
a former stand-up comic who once ran 
for mayor—admitted that he was still 
using dial-up. Otherwise, the meeting 
was uninterruptedly run by Chairper¬ 
son Ross Mirkarimi. 

Mirkarimi, a Green Party member 
sporting a modish soul patch and rep¬ 
resenting District 5, which includes 
Haight-Ashbury, at least posed some cf 
the right questions. Would users of the 
ad-supported Wi-Fi simply go through 
a Google portal page, he asked, or 
would they also have to suffer through 
pop-ups? And since Google said that its 
technology could “target ad\ertisements 
to specific geographical locations and 
to user interests,” what would prevent 
users’ locations from bring tracked? To 
such questions, the response from the 
bureaucrats at the city’s Department of 
Telecommunications and Information 
Services (DTIS), and from the private 
consultants they’d hired, was essen¬ 
tially, “Wise up and quit griping—the 
city is getting a great deal for free” 

The DTIS officials were equally 
unforthcoming when asked whether it 
made much sense for San Francisco to 
effectively grant Google and EarthLink 
a monopoly on wireless Internet ser¬ 
vice for the proposed 10-year term of 
the contract, given how rapidly infor¬ 
mation technology advances. As Ralf 
Muehlen, director cf the nonprofit Wi¬ 
Fi network SFLan, pointed out, “In 
2021, 500 kilobits per second is going 
to seem a bit ridiculous. ... it’s a great 
solution for, like, 1996.” 

Philadelphia’s Wi-Fi network is dif¬ 
ferent. EarthLink will finance, build, 
and manage that network—meaning 
it will pay for infrastructure worth an 
estimated $7 to $10 million—and thei 
share revenues with the city’s Wire¬ 
less Philadelphia initiative, while sell¬ 
ing bandwidth to otho Internet service 
providers. Future network upgrades 
are written into the contract. 


EarthLink isn’t offering Philadel¬ 
phia a better deal out of humanitari- 
anism but because the city asked for 
one. Philadelphia conducted a detailed 
technical study, which included pilot 
projects in four different parts of the 
city, before issuing its request for 
proposals. It also convened a num¬ 
ber of focus groups across the city’s 
economic strata. City representatives 
worked with ethnic groups, neigh¬ 
borhoods, church groups, and large 
businesses to ensure that programs to 
reach low-income communities were 
in place, then hosted several neigh¬ 
borhood launch parties to draw atten¬ 
tion to the network and the programs, 
according to Craig Settles, a wireless- 
technology consultant and author of 
Fighting the Good Fight for Municipal 
Wireless (2006). San Francisco, 1y con¬ 
trast, has not conducted even a basic 
feasibility study. 

In short, Philadelphia’s city gov¬ 
ernment did its homework and knew 
what to ask for. But San Franciscans 
fear that Newsom will repeat his 2005 
deal with Comcast, in which the city 
extended the company’s cable fran¬ 
chise for four years without negoti¬ 
ating service improvements or lower 
subscription fees. 

Why would it matter that Philadel¬ 
phia got itself a better deal, as long as 
Google and EarthLink provided San 
Francisco with functioning municipal 
Wi-Fi? Because it’s not a given that Wi¬ 
Fi networks pay off for cities, or even 
that they have many users. In Janu¬ 
ary 2005, the city of Orlando pulled 
the plug on its free downtown Wi-Fi 
service because only 27 people a day 
were accessing it, at a cost to the city 
of $1,800 a month, according to the 
Orlando Sentinel Though San Francis¬ 
co’s potential network might be largo*, 
that only makes questions of design 
more urgent: the city could discover 
too late that its network was too expul¬ 
sive, too spotty, or already dated. E3 

Mark Williams is a contr ibuting writer at 
Technology Review. 
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Peering into 
the Brain 

Watching live neurons in adult 
mice, MIT's Elly Nedivi has 
found asurprising amount 
of growth. By Emily Singer 


I n the middle of a pitch-black room, 
a very special mouse lies motionless 
on a microscope stage. Months be¬ 
fore, the mouse had two small holes 
cut out of its skull, re\ealing the dura— 
the brain’s outer membrane—and the 
blood vessels below. The holes have 
been permanently covered with clear 
glass so that scientists can peer directly 
into the mouse’s brain, where some of 
its neurons glow green under the laser 
light of a microscope. 

As the anesthetized mouse sleeps, 
Wei-Chung Lee, a postdoc at MIT’s 
Picower Center for Lear ning and 
Memory, snaps a series of pictures of 
a single neuron. He will combine these 
photos into a 5-D image of the neuron 
and compare it with an image of the 
same cell created a week ago, to deter¬ 
mine how it has changed over time. 

The technique has given MIT sci¬ 
entists an unprecedented look at the 
surprising growth of neurons in the 
course of an adult mouse’s everyday 
life. “You see the full range of types 
of growth you see during develop¬ 
ment, such as growth spurts, exten¬ 
sions, retractions, or new additions,” 
says Elly Nedivi, the associate profes¬ 
sor of neurobiology at MIT who heads 
the research. “This is what the brain 
is doing on a dey-to-day basis.” Nedivi 
helped develop the new imaging pro¬ 
cedure in collaboration with Peter So, 
an imaging expert in MIT’s bioengi¬ 
neering department, hoping to better 
explore changes in complex webs of 
branchlike projections that rday mes¬ 
sages between neurons. What she has 
found is helping change the scientific 
picture of the brain. 



Once upon a time, scientists thought 
that the adult brain was mostly static in 
structure—that after the neural growth 
spurts of infancy and adolescence, con¬ 
nections between neurons were perma¬ 
nently laid out, like a network of paved 
roads. But a growing body of evidence 
suggests that the adult brain has a sur 
prising capacity to reorganize. Nedivi 
and her team have provided new sup¬ 
port for this idea, furnishing the first 
proof in living animals that neurons’ 


information-exchanging proj ections 
can grow and retract in adulthood, in 
ways that are qualitatively similar to 
what they do early in life. 

Neuroscientists knew that some 
neural changes must take place in ^ 

O 

the adult brain, because we continue ° 
to learn throughout life. “But people | 
didn’t know if that plasticity was < 
accompanied by structural changes,” ■§ 
says David Kleinfeld, a neuroscientist | 
at the University of California, San S 
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Diego. Nedivi and her collaborators, 
he says, have shown that neurons of at 
least one particular type “continue to 
grow and evolve in the adult mouse.” 

The key to Nedivi’s discovery was 
the ability to look at the same neuron in 
a living animal week after week. Most 
previous research on neuroplasticity— 
the brain’s ability to form new neural 
connections—examined brain slices, 
sections of brain that are kept alive for a 
short time. Although such in vtro stud¬ 


ies allow scientists to test how neural 
connections are affected by specific fac¬ 
tors, such as jolts cf electricity or differ¬ 
ent types of dmgs, they can’t show what 
happens to neurons in the living brain 
as an animal grows old, or develops a 
disease, or is raised in isolation. 

Looking at the same cell for a period 
of weeks can repeal the slow growth of 
neurons in the brain. Nedivi hopes to 
use the process to determine what goes 
awry in the brains cf mice engineered 


MIT scientists use two-photon microscopy 
to study how adult neurons in the living 
brain grow and change (opposite page). 
Postdoc Wei-Chung Lee prepares to 
train the microscope on an anesthetized 
mouse with two windows in its skull (left). 

to model Alzheimer’s and schizophre¬ 
nia. Such studies will offer both new 
information about the human diseases 
and a way to test novel therapies. 

The researchers also hope to deter¬ 
mine the best wa ys to e ncourage 
brain cells to grow. If neurons could 
be coaxed to grow new projections 
in specific parts of the brain or spinal 
cord, they might be able to conpensate 
for the damage caused by spinal-cord 
injury or stroke. 

A Blossoming Tree 

To watch neurons in the living brain, 
Nedivi and her collaborators put win¬ 
dows in the skulls of mice genetically 
engineered to produce a fluorescent 
dye in a few randomly selected brain 
cells. Through the w indows, they 
take pictures of the fluorescent neu¬ 
rons using a two-photon microscope, 
an instrument that creates very high- 
resolution images. 

An ultrafast titanium-sapp hire 
laser sends packets of light through a 
complex series of lenses and mirrors, 
which directs the light onto individual 
cells in the brain of the anesthetized 
mouse. The fluorescent dye in the 
selected neurons glows only if two pho¬ 
tons hit a dye molecule at exactly the 
same time, allowing for more precise 
imaging of the cells. (This is why the 
room must be pitch black: any extra¬ 
neous light would be picked up by the 
microscope’s photon detector, muddy¬ 
ing the resulting image. Researchers 
wear head lamps in case they need to 
adjust equipment.) 

Neurons consist of a central cell 
body and a series of branching pro¬ 
jections that extend into different parts 
of the brain to smd and receive electri¬ 
cal signals. To capture the mtire struc¬ 
ture of a given neuron, the laser scans 
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it in horizontal cross sections, plunging 
deeper into the brain with each sweep. 
Researchers go through the images— 
which rese mble Jackson P ollock 
paintings—and select the shapes that 
correspond to the projections. A com¬ 
puter program thai stitches the images 
together to create a 5-D model. 

To record how the neurons change 
over time, the MIT researchers take 
pictures of the same neuron every week 
for several weeks, using nearby blood 
vessels to help locate it. In a paper 
published earlier this year in Public 
Library of Science Biology , the team 
showed that daidrites—the projections 
that neurons use to recdve information 
from other brain cdls—could grow and 
twist and bald, sending out new shoots 
like a blossoming tree. “It’s very pow¬ 
erful—you can actually see the changed’ 
says Lee. And because the images are 
collected from a living animal, he s^s, 
they capture the brairis behavior much 
more accurately than images cf a brain 
slice, in which many of the neural con¬ 
nections are severed. 


Elly Nedivi and Lee (bottom) look at 
images of a neuron (top) generated by 
the two-photon microscope. They must 
identify the cell body and the neural pro¬ 
jections in each image. A computer pro¬ 
gram then combines the 2-D snapshots 
to create a 3-D model of the neuron. 


This type of growth had never been 
seen before in studies cf living animals. 
Previous studies using two-photon im¬ 
aging found small structural changes 
in dendritic spines, tiny bumps on the 
surfaces of dendrites. But these stud¬ 
ies reconstructed only small sections cf 
each neuron. By modeling entire cells, 
Nedivi and colleagues were able to see 
larger-scale changes that may previously 
have gone unnoticed. “What is most ex 
citing about their work is that it shows 
an unanticipated amount of dynamism 
in neurons,” says Josh Sanes, a Harvard 
University neuroscientist whose lab ai- 
gineered the mice used in the study 
In addition, Nedivi’s team found that 
only a certain type of neuron undergoes 
these changes. Previous studies focused 
on excitatory neurons, which send elec¬ 
trical signals that cause other neurons 
to fire. Inhibitory neurons, on the other 
hand, release chemicals that stop other 
neurons from firing. It is these neurons 
that can extend and retract new projec¬ 
tions. Inhibitory neurons are less prev¬ 
alent in the brain than their excitatory 
cousins and are less well studied. 


Growth Factors 

Nedivi’s first experiments focused on 
mice living a standard lab lib, but now 
that she and ha~ team have defined the 


normal amount of adult neural plas¬ 
ticity, they can examine how differ¬ 
ent environmental or genetic factors 
affect the growth of the brain. Prerious 
research, for example, showed that giv¬ 
ing young rodents toys or raising them 
in a varied landscape spurs the biith of 
new brain cells. Two-photon imaging 
will allow researchers to explore how 
living in a complex environment influ¬ 
ences the neural organization of the 
brain. Lee has recently started study¬ 
ing how visual deprivation affects neu¬ 
ral plasticity in the visual cortex. These 
projects will help researchers figure 
out whether different environments 
make the animals’ neurons grow more 
rapidly or rearrange more frequently, 
and whether those changes e\entually 
lead to differences in behavior. 

Meanwhile, Nedivi says, she has bem 
flooded with requests from scientists 
studying diseases such as Alzheimer’s 
and schizophrenia. “Once we charac¬ 
terize the problem with each different 
disease—maybe fewer projections are 
growing or only a certain kind of neu¬ 
ron is affected—then we can tailor treat 
ments to that problem,” she says. “We 
could also use this technology as a plat 
form to screen for therapies.” 

Of course, each experiment will 
require months at the microscope. It 
takes hours to image each reuron, and 
days to construct a three-dimensional 
model from the t wo-dimensional 
images. In addition, scie ntists will 
need to meticulously compare neu¬ 
rons from many animals to get a seise 
of the differences between the behav¬ 
ior of diseased cdls and that cf healthy 
ones. Unfortunately, time is something 
Nedivi currently does not hare; the lab 
uses a customized microscope in So’s 
lab. Once a week, her students box up 
their mice and take them to the lab, 
imaging as many neurons as time 
allows. Soon Nedivi hopes to get the 
$500,000 necessary to set up an instru¬ 
ment in her own lab, which would 
give her researchers unlimited time to 
watch the brain in action. 13 
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From the Labs 

Current research in information technology, nanotechnology, and biotechnology 



INFORMATION TECHNOLOGY 

Ultrahigh- 
Resolution Signal 
Analysis 

An obscure algorithm could lead to 
more precise radar and a better 
understanding of human hearing 


SOURCE: “Sparse Time-Frequency 
Representations” 

Timothy J. Gardner et ai. 

Proceedings of the National Academy of 
Sciences 103(16): 6094-6099 

RESULTS: Timothy Gardner of MIT 
and Marcelo Magnasco of Rockefeller 
University have proved that a method of 
high-resolution signal analysis produces 
faithful representations of sounds. 

WHY IT MATTERS: Signal analysis 
algorithms have been used for decades 
in speech recognition software, radar, 
and geological imaging. A method 
called “reassigned time-frequency rep¬ 
resentation” can capture sound data at 
a theoretically unlimited level of reso¬ 
lution. If used in radai; for example, it 
could help to measure the speed o f a 
helicopter’s blades, whereas radar using 
traditional methods could idoitify only 
the basic shape cf the helicopter. How¬ 


ever, no one had mathematically dem¬ 
onstrated that the method, for all its 
precision, produced faithful represen¬ 
tations—in part because it is relatively 
obscure in the signal-processing field. 
Its fidelity proven, the method could 
be incorporated into radar systems and 
signal-processing software. 

METHODS: To illustrate their proof, 
the researchers analyzed white noise, 
which is similar to the static cf a radio 
tuned between stations. They repre¬ 
sented the noise as a Iwo-dimensional 
picture with time displayed on the hori¬ 
zontal axis and frequency on the ver¬ 
tical axis. They then compared their 
white-noise image with one produced 
using traditional methods. The tradi¬ 
tional image was blurry, with black 
dots that represented the complete 
absence of sound. The researchers 
found that their algorithm faithfully 
represented the shape of the noise 
pattern, including the positions cf the 
black dots, but at a higher resolution. 

NEXT STEPS: The researche rs 
plan to apply their understanding of 
reassigned time-frequency representa¬ 
tion in an investigation of human hear¬ 
ing. By testing their algorithms against 
artificial neural networks that represent 
auditory nerves, they will try to create 


From left to right: Traditional representation 
of white noise; white noise analyzed using 
the researchers’ high-resolution method; 
a composite image, showing that the new 
approach faithfully captures the features of 
the traditional representation. 

better neurological models of the way 
the brain makes sense of sound. 

Quantum Hardware 

A new ion trap could make quantum 
computers possible 


SOURCE: “A Microfabricated Surface- 
Electrode Ion Trap for Scalable Quantum 
Information Processing” 

S. Seidelin et al. 

Physical Review Letters 96: 253003 

RESULTS: Researchers at the National 
Institute of Standards and Technology g 
have developed a new device that elec- | 
tromagnetically traps ions. The chiplike g 
trap is easy to make, can be mass pro- § 
duced, and can hold ip to 12 ions to be t 
used for quantum computation. g 

WHY IT MATTERS: Quantum com- * 
puters would be able to perform mil- ° 
lions of operations simultaneously; in £ 
principle, they could break complex en- p 
cryption codes or search vast databases, | 
tasks that are prohibitively time con- 8 
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suming with current technology. Many 
researchers believe that a promising 
way to represent “quantum bits”—the 
basic units of quantum computation— 
is to use ions, or charged atoms. The 
ions are held in place with electromag¬ 
netic fields produced by devices called 
ion traps, and computations are then 
executed by lasers, which manipulate 
the behavior of the trapped ions. But 
most existing ion traps ha ve draw¬ 
backs. Those that are easy to make can 
manipulate ions in only one trapping 
zone, which limits their computational 
power; others that allow for more trap¬ 
ping zones are difficult to mass produce 
The NIST trap is the first that could po¬ 
tentially address both problems. 

METHODS: Using standard micro- 
fabrication techniques, the researchers 
built a trap that has a single leyer of gold 
electrodes; other types of traps have two 
or three layers of electrodes, making 
them more difficult to mass produce. 
The electrodes create an electromag¬ 
netic field that isolates magnesium ions 
and holds them in place 40 microme¬ 
ters above the trap, where they could be 
used to perform a computation. 

NEXT STEPS: The team will con¬ 
tinue to explore more-complex traps 
that hold more ions. Future traps will 
also have structures that allow the ions 
to be manipulated with lasers in order 
to perform logic functions, a key step 
toward making quantum computers. 


NANOTECHNOLOGY 

Nano Lube 
for NEMS 

A new way to reduce friction could 
make nanomachines practical 


SOURCE: “Atomic-Scale Control of 
Friction by Actuation of Nanometer-Sized 
Contacts” 

Anisoara Socoliuc et al. 

Science 313: 207-210 

RESULTS: Researchers at the Uni¬ 
versity of Basel, Switzerland, have 
created a practical form of lubrica- 



Friction is reduced when the tip 
of an atomic force microscope 
is vibrated as it moves across a 
surface. Red represents areas 
of high friction, blue low. 

tion for nanoscale electromechanical 
systems (NEMS) that reduces fr ic- 
tion between the devices’ tiny mov¬ 
ing parts 100-fold. The new method 
is needed because liquid lubricants do 
not work at the nanoscale, and other 
dry approaches to reducing friction 
have been too difficult to use in expad- 
mental nanomechanical devices. 

WHY IT MATTERS: Some of the most 
promising nanotechnologies involve 
micro- and nanoelectromechanical 
devices, including microscopic mir¬ 
rors for communications routers and 
ultradense computer memory that uses 
the tip of an atomic force microscope 
(AFM) to write data bits. But friction 
can cause the mechanical parts in these 
devices to wear out too quickly, limit¬ 
ing their commercial use. 

METHODS: When researchers move 
a microscopic tip across a surface to 
make nano features, friction causes 
the tip to alternately stick and slip. The 
Swiss team eliminated this problem by 
vibrating the tip cf a silicon AFM probe, 
reducing the friction between it and test 
surfaces of sodium chloride and potas¬ 
sium bromide. The application of this 
technique would be straightforward 
in AFM-based memory; other NEMS 
devices could incorporate small oscilla¬ 
tors to vibrate parts that might stick. 

NEXT STEPS: The researchers re¬ 
cently tested their method on oxidized 
silicon in aii; and initial results suggest 
that it works. But they still need to apply 
the technique to existing devices. 



Programmed 
Drug Release 

Novel coatings could make safer 
implants, help build organs 


SOURCE: “Controlling Interlayer Diffusion 
to Achieve Sustained, Multiagent Delivery 
from Layer-by-Layer Thin Films” 

Kris C. Wood et al. 

Proceedings of the National Academy of 
Sciences 103(27): 10207-10212 

RESU LTS: By developing a way to seg¬ 
regate components in ultrathin surface 
coatings, MIT researchers have made 
a new class of materials that can rdease 
drugs, and even genes, in an exact 
sequence and at a predetermined rate. 

WHY IT MATTERS: Coated with the 
new materials, medical implants such 
as artificial hips could prove safer and 
more effective than their predeces¬ 
sors, releasing first antibiotics and then 
growth factors and other drugs exactly 
where and when they are needed. 
Efforts to engineer complex tissues 
such as bones, blood vessels, muscles, 
and livers could also baiefit from scaf- 0 
folds coated with the new materials, | 
which could encourage the growth of o 
specific cell types. | 

METHODS: The researchers dip a | 
surface to be coated into a series of § 
solutions alternately containing poly- p 
mers of one charge and dmgs or dmg 1 

X) 

carriers of the opposite charge These =) 
layered coatings will break down in | 
water, freeing their contents. To pre- p 
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vent all the layers from breaking down 
at once, the researchers separate them 
with boundary layers of covalently 
linked molecules. The sciaitists believe 
that a given boundary layer will peel 
off after it has been exposed to water; 
but that doesn’t happen until the layer 
above it has completely dissolved. The 
result is an ordered, sequential release 
of drugs, its timing dependent on the 
number of layers. 

NEXT STEPS: The researchers are 
now developing coatings that incorpo¬ 
rate a specific sequence of therapeu¬ 
tics for orthopedic applications, such 
as hip implants, which will then be 
tested for safety and efficacy. 


BIOTECHNOLOGY 

Growing Brain Cells 

Drugs that trigger the birth of neurons 
could provide the next generation 
of treatments for neurodegenerative 
diseases such as Parkinson’s 


SOURCE: “Dopamine D 3 Receptor Agonist 
Delivery to a Model of Parkinson’s Disease 
Restores the Nigrostriatal Pathway and 
Improves Locomotor Behavior” 

J. M. Van Kampen and C. B. Eckman 

Journal of Neuroscience 26(27): 7272-7280 

RESULTS: Scientists at the Mayo Clinic 
in Jacksonville, FL, found that a drug 
similar to ones used to treat Parkinsoris 
disease can spur growth of new neurons 
in the substantia nigra, the brain area 
damaged in the disease. In a study of 
rodents genetically engineered to model 
Parkinson’s disease, twice as much neu¬ 
rogenesis, or birth of new neurons, was 
seen in animals treated with the dmg as 
in control animals. Many of the newly 
generated cells appeared to de\elop into 
dopamine-producing neurons—the kind 
that are lost in Parkinsoris. In addition, 
treated animals showed an 80 percent 
improvement in motor ability. 

WHY IT MATTERS: Current treat¬ 
ments for Parkinson’s disease replace 
or mimic dopamine, an important 
signaling molecule in the brain. But 
those treatments lose their effective¬ 


ness over time; boosting the brain’s 
ability to make more cf the dopamine- 
producing cells could provide a more 
effective strategy. 

METHODS: Scientists treated 
rodents with a compound that trig¬ 
gers a dopamine receptor, delivering 
it directly to thdr brains for up to eight 
weeks. They then tracked the birth 
and development of new neurons and 
monitored the rodents’ performance 
in motor tasks. 

NEXT STEPS: The team is no w 
testing drugs currently used to treat 
Parkinson’s disease to see if they also 
trigger neurogenesis and, if so, how 
best to deliver these compounds to 
maximize effectiveness. Ultimately, 
they hope to f ind compounds that 
will help replace cells lost in a range 
of neurodegenerative diseases, such as 
Alzheimer’s and Huntington’s. 

Stem Cell Mix 
Helps Paralyzed 
Rats Walk 

Rodents regained mobility after 
receiving a combination of drugs 
and stem cells that rewired their 
nervous systems 


SOURCE: “Recovery from Paralysis in 
Adult Rats Using Embryonic Stem Cells” 

D. M. Deshpande et al. 

Annals of Neurology 60(1): 32-44 

RESULTS: Scientists from Johns Hop¬ 
kins University found that a complex 
combination of treatments, including 
stem cells and growth factors, can heal 
damaged neural circuits, allowing par¬ 
tially paralyzed rats to walk. According 
to the findings, 11 out of 15 rats with 
spinal-cord injuries regained some 
motor function after receiving the full 
battery of treatments. 

WHY IT MATTERS: Previous studies 
on paralyzed rats demonstrated the 
possibility of boosting the function 
of the nervous system and improv¬ 
ing motor skills. But this is the first 
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A newly grown nerve fiber extends out 
of the spinal cord. 

study to show that newly grown nerve 
fibers can emerge from the spinal cord, 
extend all the way to muscles in the 
rats’ haunches and limbs, and form 
functional connections with them. 
These findings represent a significant 
step forward in regenerative medi¬ 
cine, providing new treatment possi¬ 
bilities for some types of spinal-cord 
injury and for diseases in which motor 
neurons are damaged, such as amyo¬ 
trophic lateral sclerosis (ALS). 

METHODS: The researchers trans¬ 
planted motor neurons, derived from 
embryonic stem cells, into the spinal 
cord. Then they added a mix cf growth 
factors to help the new cells survive 
and grow, as well as two chemicals 
known to block the signals that nor¬ 
mally keep nerve fibers from growing 
out of the spinal cord. 

In order to get the n ewly sprouted 
fibers to span the wide gap between 
the spinal cord and the muscles, the 
researchers injected neural stem cells 
into the target muscles. These cells pro¬ 
duced a nerve growth stimulator that 
drew growing motor neurons to the 
muscle and allowed them to make func¬ 
tional neuromuscular connections. 

NEXT STEPS: The team is no w 
planning tests in pigs. Studies in 
larger animals are necessary to make 
sure that the new neurons can grow 
to great enough lengths that the treat¬ 
ment will work in humans. If those 
experiments are successful, the scien¬ 
tists say, human clinical trials could 
begin within five years. 13 
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7 Years Ago in TR 


Where Are They Now? 

The annual selection of the TR35 got its start in 1999, with the 
first TR100. We do some catching up. By Jessica B. Baker 


An Enterprising Biotechnologist 

After spilling liquid nitrogen while 
freezing off a patient’s wart, John 
Dobak saw a need for a self-contained 
cryosurgery system 
that protected its 
chilled contents. He 
became an entre¬ 
preneur and based 
his first company, 
Cryogen, on this idea; soon after, he 
founded InnerCool Therapies, which 
specializes in cardiac and stroke treat¬ 
ments. “I tiy to understand where 
the big problems are, where there 
are unmet clinical needs, and then 
determine if there’s a way to make an 
advancement,” he says. 

To help meet the needs he identi¬ 
fies, he cofounded the Jakk Group, 
an “accelerator” company that uses a 
broad network of resources, such as 
labs, engineers, and manufacturers, to 
advance ideas for new technologies to 
the proof-of-principle stage. The Jakk 
Group then builds a company around 
the concept or sells or licenses the 
rights to it. Current projects include 
a new heart catheter that employs 
a micro electromechanical sensor 
to improve patient response to car¬ 
diac resynchronization therapy. The 
device not only stabilizes the heart’s 
rhythm but also reports information 
about cardiac contractions back to the 
physician. Though this is not }et at 
the clinical stage, the company has 
another therapy—for obesity—in phase 
I clinical trials. After going for a jog 
one day, Dobak noticed that the hun¬ 
ger he had previously felt had abated. 
Convinced there had to be a connec¬ 
tion, he identified a specific nerve 


activated by exercise. A company 
that is based on this research, Leptos 
Biomedical, is investigating obesity 
treatments that electrically stimulate 
this nerve. Dobak says, “I’m good at 
the initial development, the initial 
creative work, and am always looking 
for new opportunities.” 

An IT Idealist 

Michael Robertson has learned a lot 
since TR applauded his creation of 
MP5.com, a website that gave users 
remote access to 
the music in their 
CD collections. The 
service perished in 
a web of lawsuits, 
and Robertson now 
recognizes his early naivete about the 
complications of copyright law. But 
he says, “I’m proud that we helped 
make MP5 a global standard. You can 
have 20 different devices on which 
to listen to music. You need an open 
standard to do this.” 

His latest endeavors demonstrate 
his commitment to that ideal: 
Linspire offers an easy-to-use desk¬ 
top version of the Linux operating 
system; SIPphone is a voice-over-IP 
telephone service provider that uses 
the most popular standard for that 
technology; and newly founded Ajax 
15 develops Web-based applications. 
Robertson has even built a busi¬ 
ness, MP5tunes.com, that resembles 
MP5.com, which he sold to Vivendi 
Universal for $400 million in 2001. 
Reflecting on MP5.com, he says, “It 
was a bittersweet experience. I grew 
up very, very poor, so to never have 
to worry about money again is very 


sweet. However, it’s bitter because I 
didn’t get to accomplish everything I 
wanted to do. But it did give me the 
money to pursue other ideas.” Those 
include pushing for more open for¬ 
mats. “I want there to be open stan¬ 
dards,” he says. “It’s good for society. 
It prevents monopolies. It’s the 
world I want for my two little boys.” 

A Conscientious Chemist 

When we singled him out for his 
work producing plastics from carbon 
dioxide, Geoffrey Coates had been 

an assistant profes¬ 
sor of chemistry at 
Cornell University 
for only two years. 
Since then, he has 
continued his quest 
to make biodegradable plastics from 
renewable resources. Because plas¬ 
tics, typically made from polymers 
derived from petroleum, play such 
an important and versatile part in our 
everyday lives, Coates says, he and his 
colleagues want “to move away from 
oil as a building block in plastics, and 
to make plastics that are mvironmen- 
tally friendly.” Recently he has found 
success with limonene, the chemi¬ 
cal that gives orange peels their scent. 
Using a catalyst, Coates combined 
a derivative of limonene with car¬ 
bon dioxide to form a novel polymer 
that breaks down much more quickly 
than ordinary plastic. In 2004, Coates 
and two Cornell alumni founded 
Novomer, a company committed 
to sustainable chemistry that mar¬ 
kets the technologies developed by 
Coates’s research group. With press 
coverage from the BBC, CNN, and 
ABC, a special creativity award from 
the National Science Foundation, and 
an Alfred P. Sloan research fellow¬ 
ship, Coates, who is now associate 
chair of his department, has become a 
leader in his field. 13 
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The world consumes two barrels 
of oil for every barrel discovered 


So is this something you should be worried about? 



,o fart is the world has been finding less 

ayery possible source. 
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Chevron Steps Taken: 

Thinking to the future: 

- Committing more than $300 million each 
year on clean and renewable energies 

Finding even more energy today: 

- In 2004, achieved exploration 
record 78% higher than 10-year 
industry average 

- Using steamflooding to extract 
heavy oil that was previously 
unrecoverable - more than 1.3 
billion barrels from one field alone 


CHEVRON is a registered trademark of Chevron CorporationJnhe CHEVRON HALLMARK and 
HUMAN ENERGY are trademarks of Chevron Corporation. ©2005 Chevron Corporation. All rights reserved. 
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